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Biography of the celebrated Geologht, Baron Leopold von 
Buck. By M, NOCQERATH. 

Humboldt, in his Cosmos, after giving a general descrip- 
tion of volcanoes, proceeds as follows : — " This description is 
based partly on my own observations, but as a general outline 
H is founded upon the laboui's of my very old friend, Leopold 
von Buch, fM f/reateei geologist of our age, who was the first 
to recognise the intimate connection of volcanic phenomena, 
and their mutual interdependence in regard to their effects 
and relations in space." It was scarcely possible for a man 
, of science to have received a higher tribute, from the most 
competent of sources; and it is a tribute which has been 
ratified by the general consent of naturalists of every nation, 

Leopold von Buch is no more. In science, no doubt, he 
will continue to live until the labours of the last of its present 
Coryphsei have been utterly forgotten ; but the progress of 
science, by means of his labours, has ceased. The world- 
republic of science has to bewail his loss, no less than Prussia, 
of whom it was not one of the lesser glories to have given 
birth to such a son. On the 4th of March 18,53, after a very 
few days' illness, he died at Berlin, in the 79th year of his 
age. 

A man of such value, both for contemporaries and for pos- 
terity, will doubtless soon ilnd a competent biographer. lutWi* 

VOL. LV. NO. CIS. — JPJ,T 1853. K 
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respect it is not in my power to follow him through tb e Zj( 
esting details of bis copiously varied life. I had, inde^oj 
a cultivator of his favourite science, the good fortune 
enjoying his personal and friendly intercourse, and of maki. :^. 
some geological journeys along with him ; hut still I am d ^=^/ 
eient in much information that would be requisite to enaTt*/ 
me to present a complete sketch of his life. Penetrat^'t/ 
however, by a feeling of profound and affectionate regard fow^ 
his memory, I will endeavour to present a very slight sketet -^ 
of his eminent scientific merits, adding a few words of ^^ 
more personal character. 

Buch, descended of a noble family, which can count not a 
few eminent literati and statesmen amongst its members, was 
bom on the 25th of April 1774, at the family seat of Stolpe, 
in the ITckermark, to which his remains have just been trans- 
ported. Of his education in childhood and early youth I 
know nothing, and am therefore unable to say whether his 
inclination for the natural sciences was an inborn tendency, 
or whether it was developed by the aid of some impulse from 
without. At an early period of his life he was a student in 
the Prussian department of mines. In this technical career 
he never sought to attain any rank of importance, for pure 
science was his goddess from the very first ; but not unfi-e- 
quently, at a later period of his life, if he happened to be 
asked for his title, he used jestingly to term himself, " Royal 
Prussian Student of Mines" — (Kbniglich preussischer Berg- 
Elfive). 

In the years 1790 and 1791 we find him at the Mining 
Academy of Freiberg. Here he bad A. von Humboldt for a 
fellow-student. Buch was the older pupil at Freiberg, and 
though Humboldt was by several years his senior, they had 
been youthful friends at an earlier date ; they had together 
studied botany, which both of them cultivated with lively 
interest, and it is possible that Buch's resideace at Freiberg 
may have been one of the motives which drew Humboldt 
thither. The two young students found a third friend 
of like tastes and pursuits with themselves in Johann Karl 
Freiesleben, well known afterwards by his woi-ks on Mine- 
ralogy and Geology, who died as Captain of Mines at Freiberg 
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1846. The intimate friendBhip which ai-ose amongst the 
three was terminated only by death. 

In Freiherg flourished the then novel science of Mine- 
ralogy and Geognosy, which waa taught In the moat lively 
and animating manner by its genial founder, A. G. Werner, 
and it was in his school that the great masters grew up, 
who, in their servioea to the progress of the science, overtop 
perhaps those of the founder himself. In the period of a 
single lifetime it was impossible for Werner, notwithstand- 
ing hia immortal greatness, to complete on all handa the 
structure of an experimental science ; and our high appreci- 
ation of the merits of hia pupils can nowise be regai-ded as 
detracting from the recognition of his own comprehensive 
laboura. Unfortunately, the sphere of Werner's own per- 
sonal inquiries, owing to the circumstances of his life, was 
confined to far too narrow a spot of the earth's surface ; it 
scarcely extended beyond the limits of Saxony ; and this waa 
in a gi'eat measure the cause of those imperfections which 
«love to his science to the last. It became the business of 
hia scholars to test the new doctrine upon other domains, 
And, in conformity with results, to eliminate what was un- 
tenable, to assign their fitting place to new discoveries, and 
to draw conclusions for the history of the earth's formation, 
which could not rest on the old foundation. Throughout a 
long lifetime this vocation was fulfilled by Buch, faithfully, 
and with the most speculative of minds. 

We first find him opening his inquiries in the highly 
interesting, hut then little known, mountainous districts of 
Silesia, Their fruit is exhibited in a small publication which 
appeared in the year 1797, entitled "Versuch einer mine- 
ralogiachen Beachreihung von Landeck." The future perfect 
master of observation is, in this work, as clear to be recf- 
lised as the closeness and perspicuity of which all his wrii 
inga may aerve as patterns. Above the doctrines of Werner, 
however, even where they have since been proved to be 
untenable, Buch did not yet venture to place himself. Basalt 
to him, in conformity with the too neptunistic views of 
lis master, still a rock of aqueous formation. For the rejec- 
lion of such a deeply-rooted dogma, more striking proofs 
A 2 
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were no doubt requisite than tiie observer conid meet withifl 
on the soil of Sileaia. Hence, along with much that ia exeel*^ 
lent, we perceive this tendency to swear in verba tnagisiri ia I 
his " Versuch ciner geognostiachen Beach re ibiing von Schle-** 
9ien," which shortly afterwards appeared, along with a, for tho'fl 
time, exceedingly advanced geognoatical map of that country,,! 
If, in thia work, it is stilt the waves which have formed.a 
the gneiss and the mica alat«, and which could deposit them I 
only in certain places and in certain directions, on the other I 
hand, everything lying without the range of these theoretical I 
views is expressed with such detiniteness and perspicuity,- 1 
that it can, with the utmost facility, be hrought into harmony 1 
with the hetter theory which we have now attained ; and this fl 
is assuredly an excellent proof of the correctness, fidelity^ 
and impartiality of the observation. ^ 

In the year 1797, Buch met his friend and fellow- 3tudenfe<fl 
Humboldt at Salzhurg and they soon formed a plan for v 
puraning their observations in common. The two friends M 
wandered about for a considerable time amongst the Salzhurg I 
Alps and in Styria, and then passed the winter together in I 
Salzburg, where their stay was marked by the meteorological I 
and eudiometrical inquiries instituted by Humboldt. In I 
spring Buch proceeded alone over the Alps into Italy, and I 
reapecting all his inquiries he gave to the public the most m 
valuable reports, which enriched science with new facts, filled I 
up blanks, and eliminated much that waa untenable. Baaaltia I 
rocks, with leucite and augite (pyroxene) in the mountains of I 
Albano, hitherto regarded by the school of Werner as 1 
neptunistic formations, were recognised by him as lava, I 
though he still did not venture to remove the genesis of the 1 
German basalts from the position which the then recognised ■ 
dogma had assigned to them. But the general turning-point I 
in his views with regard to the foi'mation of basalt waa I 
already astir within him, as appears from more than one I 
paaaage of a letter which, about this time, he wrote to von I 
Moll, and which has already been printed. Complaining that I 
he had not yet been able to get to Naples, he proceeds, "I B 
endeavour to make the best of matters where I am (in Rome), I 
and wander about over the country- But every day I feel I 
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more and more acutelyttat it is only half observations which 
I am making. I am perplexed with the contradictions into 
which Nature seems here to fall with herself, and oven my 
very bodily health suffers under the mortifying feeling of 
being obliged to confess in the end that one does not know 
what one ought to believe, — frequently does not know if it be 
even admissible to believe one's very eyes." Again, "I 
assure you that Nature contradicts herself much more than I 
here seem to do." (lie had been speaking of the neptunic 
origin of basalt.) " Make the finest and surest observa^ 
tions, and then go a few miles farther on, and you will find 
occasion, upon grounds just as certain, to maintain the very 
opposite of your former conclusion. You sec that, in such a 
mess, it is somewhat venturesome to publish observations 
that are still so imperfectly established. It is possible that 
they may be altered in a day ; but two days of Vesuvius 
would bring all this to a point." These lines afford likewise 
an interesting proof of the strict scientific conscientiousness 
of their author. 

Buch arrived for the first time at Naples on the 19th of 
February 1799 : he studied Vesuvius with the most careful 
attention, as might have been expected from his longing 
desire to visit the volcano. He was present again, along 
with Humboldt and Gay-Lussac, at the eruption of 12th 
August 1805. To these two visits we are indebted for Bueh's 
excellent and lively descriptions of the phenomena of the vol- 
cano, and especially for the first attempt to explain the re- 
lations of these phenomena, — an attempt which has since, 
after more extensive experience, merely received more exact 
definitions upon some individual points (nur einzelene nahere 
Feats tell ungen erfahren). The whole description is a model 
of that lively, accurately descriptive, and, at the same time, 
picturesque and eloquent style by which the writings of the 
deceased were in general, so eminently distinguished. 

In the year 1802 he visited the south of France, the re- 
markable volcanic district of Auvergne, the great counter- 
part of our volcanic Eifel. Amongst various other impor- 
tant matters, he was the first to determine the notion of the 
rock termed by him trap-porphyry, or (as forming the Puy 
de Dome) Domite, — a rock to which Rau^' ft.'L\B'c>'(a.vi& ^^.n^ 
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the uame of trachyte. Upon a view of the hosalts which 
here, at the foot of the traehytic cone, break ont in distinct 
lava streams, the notion of the volcanic origin of the basalt 
of this district ripened with him into conviction ; but this 
view he did not yet venture to extend to the German basatts..! 
The faithful disciple and reverer of Werner had no lighw" 
struggle to undergo before adopting so extensive an altenk-fl 
tion on his creed ; but by degrees he assumed the Tolcaniw^ 
origin of basalt in its most universal aeceptstion. The r 
suits of his extensive observations, with the valuable conclaJ 
sions which he drew from them, were given to the worldl 
in his " Geognostischen Beobachtungen auf Beisen darcfau 
Deutchaland und Italien, 2 Eande 1802 and 1809." 

Buch now turned bis steps to Scandinavia, through which 
lie travelled during two full years, — from July 1806 to Oc- 
tober 1808 : he penetrated to the extreme northern point of 
Europe : in the North Cape, upon the island of Mager-Oe, 
be made, in rapid succession, the greatest discoveries in re- 
gard to the structure of the earth's crust ; and we can only _ 
regret that, within the limits at our disposal, it is impossible! 
to follow his steps. Climatology and the Geography > 
Plants obtained the most valuable additions ; and he was thai 
first to develop and settle the very important fact, whiohl 
afterwards received the most perfect confirmation, that Swe-B 
den, from Frederickahall to Abo, or perhaps till towards J 
Petersburgh, was in the course of a very slow but continuous I 
elevation above the level of the sea. The whole treasure of I 
those contributions to science is contained in the "Reise| 
(lurch Norwegen und Lappland, 2 Bande, Berlins 1810. * 

After this, liis German fatherland formed the principal.l 
object of his wanderings and investigations; but it wases-f 
pecially to the gigantic Alps (which he also subsequently tra- 1 
veiled over and studied in every direction) that be devoted.l 
Ills valuable leisure. 

The gi-and phenomena of the volcanic reaction of the inte- I 
rior of the earth upon its surface in the Canary Islands, the 1 
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mighty peak of Tenerifff, the volcanic islands of Gran Cana- 
ria, Palma, and Longerate, presented powerful attractions to 
his mind. Accompanied by the Norwegian botanist Chris- 
tian Smitli (who afterwards met with an untimely death in 
the unfortunate English expedition to Congo), he set sail 
from England for the volcanic group, and in the end of April 
1S15 landed in Madeira, from whence they gradually visited 
the other islands. The agencies — present and in progress — 
of the volcanoes were discovered and exhibited in the clear- 
est manner. Never before had the relief forms of the vol- 
canoes been so perfectly made out and placed in harmony 
with their genesis, and the description was illustrated hy 
moat excellent maps, such as hatl never before been seen, — 
monuments at once of the industry of the quick and faithful 
eye, and of the accurate hand of the illustrious geologist- 
In the valuable work " Pliyaicalische Beschreibung der Cana- 
riachen Inseln, Berlin, 1825, mit Atlas." Buch went far be- 
yond the immediate results of his voyage. With his happy 
gift of combination, and snppoi-ted by a perfect knowledge of 
what had previously been observed by others, he shewed that 
all the numberless islands lying scattered over the broad 
ocean, had, like the Canary Islands, in a peculiar manner, 
separately emerged from the sea as " islands of upheaval" 
with their " crater of upheaval" in the centre ; and he shewed 
the significant intimate connection of the volcanoes at the 
earth's surface in the direction of long crevices existing in 
its crust. Farther proofs of those, and of other cognate views, 
were given in two important treatises which appeared at a 
subsequent period, namely, " Ueberden Zusammenhangder 
basaltischen Inseln und UberErhebungs-Ki'ater" and "Ueber- 
die Natur dec Vulkaniachen Erscheinungen auf den Canaris- 
chen Inseln und ihre Verbindung mit anderen Vulkanen der 
Erdoberflache." 

Oa his return from this important voyage, Buch visited the 
remarkable basaltic Hebrides on the coast of Scotland, and 
the Giant's Causeway of Antrim in Ireland. 

After this he resumed his inquiries in Germany. The pa- 
rallel direction of all the chains of the Alps which had al- 
ready attracted the attention of Saussure, formed the subject 
of his genetic inquiries, and the results which he attained he- 
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long unquestionably to his most important and succesafal . 
labours. They present to our convictions the doctrine that ■ 
the ancient seas have not rolled away over the tnountain ■ 
chains [dass die alten meere nioht uber die berg kettfinweg-1 
gegangen sind], but that the mountain chains have been up- 
heaved into the atmosphere, bursting through the series of 
strata in long lines, — fiissures, and that these upheavals have 
taken place at different geological epochs. A great d«aJ 
more, and of much importance, attached itself to the establish- 
ment of these views, upon which undoubtedly rests the most 
considerable progress that has been made by modem geology. 
The eminent French geologist, Elie de Beaumont, has made 
a general and most successful application of this doctrine, 
which he has also contributed to perfect in a manner that 
deserves the most ample recognition. Buch had sketched 
in large and distinct traits which must be at once corapre- 
bended and recognised in their truthfulness by everybody. .1 
Those surprising new facts, with the important conclusions. I 
drawn from them, are accompanied by an excellent geolop-^ 
cal map and remarkable prohle drawings, described in 1 
series of treatises which may be found collected in Leonnl 
bard's "Taschenbuch der Mineralogie" for 1824. 

To the same epoch of Buch's labours belong, amongst 
otliers, his studies and inquiries with regard to the filling up 
of amygdaloids by subsequent infiltration into the ve 
lar cavities of melaphyres. I refer to these with the more 
pleasure, because I have myself, within the last few years, 
succeeded in confirming to demonstration in every respect the 
correctness of the master's theory, by numei*ous proofs, found 
principally in my own neighbourhoi)d, which I have given in 
detail in two printed treatises. 

Another of Buch's essential services was his collection of-fl 
materials for thejirst geognostic map of all Gennany, which.J 
in 1824 was published in 42 sheets by Simon Schropp in 1 
Berlin. For the time in which it appeared, the map was of I 
great value. Ot course, it will gradually be surpasst 
completeness and exactness by the continuous and more per- 
fect observations of more recent works of the sort which 
have cither appeared already or may be expected to appear 
in future. TlicTVwuiian government, preceded in that vn- 
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spect by those of regal SaxoDy and Austria, liave, from a 
setiBe of its great utility and importance, taken into tiieir 
hands the geognostic delineation of their respective terri- 
tories. The impulse and pattern proceeded from the labours 
of Buch. 

In nay chronological dates of Buch's labours hitherto, I 
have chiefly followed the account given by the late Fr. Hoff- 
mann, in his " Geachichte der Geognosie," 1838. In many 
respects, my own very limited opinion was able essentially 
to coincide with it; andforagreat dealthat I cannot compre- 
hend in this sketch, I would refer those who may be desirous 
of learning moi-e about Buch's works, to the excellent publi- 
cation of Hoffmann. But even in it we find nothing like a 
perfect catalogue of his numerons monographs and papers. 
Hia works of this sort, included in the Transactions of the 
Berlin Academy alone, would fill several thick volumes, not 
to speak of what have appeared in various other periodicals, 
in the shape of articles or correspondence. But in all these 
prevails the same comprehensive and combining spirit, inter- 
rogating nature, giving happy interpretations to her answers, 
and exhibiting all the precision required by the exact sci- 
ences. 

The study and progress of paleontology, by means of 
which modern geology has made such considerable progress, 
was at once comprehended by Buch, in all those relations by 
which alone it could preserve its real value. It was not 
merely the form and anatomy of the plants and animals of a ' 
former worid which he endeavoured to determine by distinct 
and immutable characters ; but he was deeply sensible how 
important it was to apprehend the continuous metamorphoses 
of tliese formations, through all the periods of the earth's 
development, to determine the limits relative to time and 
space, and especially to the successive deposits [Uebereinan- 
derlagerungen] in the earth's crust, for the different forms 
of genus and species. The notion and term of " Pilot ahells" 
(Leitmuscheln), which, as being easy to be recognised and 
determined, everywhere facilitate geognostic inquiry, were 
introduced by him, and found of very great advantage to 
science, Su early as ISOtl lie had, almost prophetically, in a 
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[irmtod discourse " Oii the Progress of Forms in Nature*^ 
(Ueber daa Fortachreiten der Bildiingen in der Natnr), pre- ■ 
]>ared the direction on which paljeontology has now entered. 
In tlie same spirit are composed his treatise on the Ammon- 
ites, which is especially dlstiDguished hy its acuteness ; and, 
monographs on the Terebratulie, Delthyris or Spirifer, andhla 
Orthis, Productus, Leptaanse, &c., &c. In intimate connection 
with these palteontological essays, stand others on the dis- 
tribution of definite formations over the aurt'aee of the earth, 
namely, of the Jura formation, the chalk, and the brown 
coal. The first-mentioned of these treatises is probably the 
last which was ever read by the deceased in the Berlin Aca- 
demy (December 16, 1852) ; in its deeply pondered and com- 
bining contents it afffirds a striking testimony of how fresh I 
and vorsatile his mind had continued down to the very latest J 
period of his life. In his treatise on the brown coal formationJ 
there is opened to the palceontologtat a new iield of observa'^ 
tion and determination in the nervures of fossil leaves; all 
branch of inquiry which, even in the study of living plants^ 
has, in its tiner shafles, been but too much neglected, and the 
culture of which ofi'ers every hope of a copious harvest. 

Buch's comprehensive knowledge and labours extended 
far beyond the narrow limits of the science of terra Jirma, ' 
He was a learned physicist in the largest meaning of the 
word- We are indebted to him for much information regard- 
ing the atmosphere ; we need only refer to his admirable 
" treatise upon hail, regarding the temperature of springs, tfee., 
&c., and*his inquiries and publications on the geography (rf ' 
plants, are of the highest merit and interest- . , 

I am not able to enumerate the whole of hia various 
travels. He visited Scandinavia a second time ; and in the 
latter years of his life he was always glad of an excuse for 
paying a visit to Switzerland. In the summer of 1852 he J 
also again visited Auvergne. M 

He also exercised a benignant influence on the diffusion o^| 
science, by attending the ambulatory meetings of uaturalistaa 
ill Germany and abroad, especially in Switzerland, Italy, 
and England. He was present at the "Werner festival, which 
was celebrated with great pomp at Freiberg in 1850, the 
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oldest living pupil of the Mining Academy, and, aa may easily 
be supposed, he met with the most marked attention. "VVhere- 
ever he went he was sure to become the nucleus of an indus- 
trious group of givers and takers in the domain of Natural 
History. For the last few years Bonn has had the good 
fortune to see hira almost every summer within her walls, 
engaged for a longer or shorter period in intimate intercourse 
with Bom9 of his fellow naturalists ; with von Dechen, the 
now deceased Goldfuss, G. Bischof, F. Romer, 0. Weber, 
and others, a circle from which the writer of this notice did 
not remain excluded. And such was the natiire of his inter- 
course at other places likewise, which he used to stop at in 
the course of his pilgrimages. The latter used to compre- 
hend not merely investigations in the field, but likewise per- 
sonal intercourse with the initiated, who lived in the neigh- 
hood of the scenes he visited. He took an active part at the 
meetings of the scientific societies of Berlin. 

From wliut we have said it is obvious that the deceased was 
a very industrious and active memberof the Berlin Academyof 
Sciences. The French Institute had done him the honour to 
name him an Associd Etranger, of which, as our readers are 
aware.thestatuteaaUowonlyeighttobe elected. It is impossible 
forme to enumerate the other academies and learn edbodies at 
home and abroad of which he was a member; they are cer- 
tainly very numerous. He never set them forth on a title- 
page. For the same reason I can only state, in regard to the 
orders with which he may have been invested, tjiat he was a 
Knight of the Civil Class of the Order pour le MeriU, and of 
the First Class of the Order of the Rother Adler. He was a 
Royal Chamberlain of Prussia, and his merits were always 
highly recognised by his sovereign. 

It is no easy task to represent the personal qualities of a 
distinguished man, especially when, as was the case with the 
subject of this memoir, he possessed a number of peculiarities 
which place him in an anomalous relation to the common 
herd of God's creatures. In the present case, however, there 
is less necessity for dilating, because the great majority of 
those who will take an interest in these lines are likely to have 
seen the deceased once, at least, in the course of his manifold 



Biography of Baron Leopold won Buck. 



12 

pcreji;riDationa. He is also known in his externals by tlie 
excellent likeness which has been ao widely dilfiised, taken 
from the very successful portrait executed at the command 
of the king, by oui- meritorious Rhenish artist. Professor 
Vegas. There he sits upon a block of granite, spirttnallyH 
rendered, but characteristic and true to the life ; he is resting^M 
from his jounieyings amongst the mountains, with his miner's I 
crook in his hand, his broad shirt-frill not very nicely plait«d,| 
aud one of the tails of his black dress-coat negligently inserted ■ 
betwixt his body and his seat. The portrait is a pendant ti 
that of Humboldt. 

fiuch was of middle size ; his make might be described ah 
tolerably strong. His features were distinctly marked, andl 
he had a Roman nose. The expression of his countenance^^ 
was commonly somewhat stiff, little versatile, denoting the! 
deep earnest thinker; but withal, there would not unfr&-{ 
(juently play over it a smile, which, in its turn, betrayed t 
common degree of mildness and frieudliness. Another form 
of his physiognomy, the satirical or sarcastic, could also otH 
occasions be displayed, and harmonised with the pungentj 
wit of which he could be prodigal upon proper occasions. Thel 
sharpness of his eye seemed mitigated by the glasses wbicllP 
he constantly wore ; but this organ had a most extraordinarj 
capacity for the minute distinction of the smallest objects^ 
His complexion was deeply tanned by sun. 

His dress was commonly neither neat nor well preserve^! 
though he was fond of elegance in hia apartments. This i^ 
also exhibited in the instructive plates with which his vrorkt 
were, for most part, illustrated. Upon his journeys he gen» 
rally wore, even in summer, a black dress-coat and greats 
coat, both well provided with pockets for holding his maps^ 
note-book, hammer, and other indispensables. He always] 
went in shoes and silk stockings. His gait was unsteadyJ 
and nobody that saw him mOving along, with his head bent] 
forward over his chest, would have dreamt that this was tliel 
man who bad spent the greater part of his life in travelling ' 
about upon foot. When obliged to travel in a cai'riage oron 
a railway lie was most unhappy. 
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He poHsessed a certain nervous irritability of teniperanient 
which, in his intercourse with others, and particularly when 
on his journeys, sometimes gave rise to somewhat odd scenes 
and situations ; but the inborn good nu.ture of his character 
always brought him off in triumph. He had a strict sense 
of justice, and in this respect he would not tolerate the 
slightest violation. But not on this point alone but on every 
other, he was an extremely fine-feeling man, however little 
this may have been betrayed by hia external appearance. 
Incompleteness or frivolity in the treatment of science was 
his aversion. His memory was exceedingly ready and re- 
tentive. 

He was never married, but he rather enjoyed conversation 
with talented women, He never kept a male domestic A 
staid elderly woman had the care of his household. When 
he quitted Berlin it was seldom that any mortal knew to what 
point of the compass he had turned his face, or when he might 
be expected back again. He was just the same man upon a 
journey ; he arrived unexpected, visited his friends, but none 
of them ever discovered when he meant to be off again. 

He possessed a sufficient amount of worldly goods, not 
only for the supply of all his own wants, but also to bring 
considerable sacrifices to science and to general benevolence. 
He was always ready with his assistance to struggling youth- 
ful talent, and never withheld scientific recognition where it 
was due. 

The departed will now have attained a survey of those 
mysteries in the structure and origin of the earth, which even 
hia clear-seeing spirit could not compass during its abode 
upon its surface. This enlivening hope I dedicate to the 
memory of the departed illustrious naturalist and the beloved 
friend. Blessed be the remembrance of the man whose 
name (to use the expression of Snethlage at his interment) 
is venerated as far as civilisation has extended its empire, and 
whose death will create a pang in Germany, in Europe, and 
beyond the waves of the ocean. 
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On Paululum Observations. By Albxandku Gekard, Esq.,! 
Aberdeen. 

Goddon's Hospital, 

Abtrd'tn, SOtA April IS53. 

Sir, — Having read in the last number of the Edinburgh" 
New Pliilosophical Journal an account of Observatioiis ou the 
Pendulum in Bunker's Hill Monument, and an article reapect- 
ingthe Ordnance Survey, I take the liberty of sending you ft ■ 
description of an apparatus ei-ected by me upwards of two! 
years ago, which exhibited the phenomena since obseryed ia f 
America. 

On the 12th of January 1851. a pendulum was suspended 
in the following manner : — The ring B was fixed near the J 
the top of the west wall of a room. 
Into this was hooked a copperwiro 
which was brought down over the 
end of abeam, CD. This beam was 
built of four pieces of deal, in the 
form of a rectangular spout (with 
H view of obviating the effects of 
hygrometrical changes), and rest- 
ed against the wall on a pivot at I). ( 
A block of granite, weighing about 
one cwt., was attached to the end of the wire. As the rin 
at B projected a little over the point D, the apparatus WW 
in the condition of a gate swung upon a post not quite ver-.V 
tical. When set a-vihrating, it was seen to perform one oacilr I 
lation in about 15 seconds, which shewed that it had the samft I 
amount of deflexibility as a pendulum hung freely from the ^ 
height of 630 feet. The position of the weight was noted- f 
on a table placed near to the outer end of the beam ; ancL 
if not at rest (wliich it seldom was), it was either steadier 
by the hand, or the middle of Uie small vibration was takeii| 
It was observed to be subject to a daily variation, hangiofl 
farthest south about 8 or 9 in the morning, and fartherf 
north about 3 in the afternoon. After its movements ha( 
been watched for some weeks, the apparatus was dismount- 
ed, and fixed on the north wall of the room. The weight 
would thus obviously be free to move in the east and west 



Alex. Gerard, Esq., o^^ Pendulum Ohscrvatioyis. 



15 

direction. Ita position now was farthest west about 11 a.m., 
and farthest east about 7 P.M., so that 3 p.m. might be con- 
sidered the culminating point. 

The space passed over was not very accurately noted, but 
was greatest on days of bright sunshine, being on one occa- 
sion as much as I inch. 

The room where the experiment was conducted was on 
the first floor of a sti'Ong granite building, and separated 
from the front by a large apartment and a passage. The sun 
at that season ofthe year never shone upon it, and the clianges 
took place irrespective of tlie temperature of the room. 

While engaged in these observations, I happened to read 
in a newspaper an imperfect account of M. Foucault's esperi- 
ment, and erroneously identified it with my own. Under 
this impression, I communicated the results of my observa- 
tions to Professor Airy, suggesting one or other of the two 
following explanations; either— lat, That, by unequal ex- 
pansion, the position of the building is in some very small 
degree altered by the heat of the sun ; or, 2d, That the solar 
rays produce some very minute change on the direction of 
gravity. The learned Professor, after a short time, favoured 
me with his reply, to the effect that, in his opinion, there 
could not be a change in the direction of gravity to tlie ex- 
tent indicated, as this would be inconsistent with the steadi- 
ness of the zenith point in the best instruments. 

Considering the Asti-onomer Royal as the moat competent 
, judge in this matter, I abandoned the idea of the possibility 
of such a change ; and the subject had almost dropped from 
my mind, when my attention was recalled to it by the pemsal 
of your last number. The American Professor joins with 
our illustrious countryman in ascribing the phenomena to un- 
equal expansion. Yet, with all deference to so high autho- 
rity, I would venture to suggest the query, Whether the 
suspected change of gravity may not lurk as a residuum in 
some of the small con'ectiona usually made on astronomical 
observations, and whether the same change may not be the 
cause of the difficulty experienced in determining latitudes 
with great precision in the Trigonometrical Survey ? 

With respect to the Bunlters' Hill experiment, it is difficult 
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to conceive that the eudden ahowpr should have produced «'» 
great an effect in a few minnteB, if acting merely by con- 
tracting the side of the tower expired to it, on account of 
granite being a very slow conductoi' of heat ; but, upon the 
hypothesis of the effect being due to a modifying influence 
over the whole adjoining region to windward, that difficulty 
ia removed. And with regard to my own apparatus, so 
atPonglyahelteredfrom the direct action of the sun, and placed 
not twenty feet from the ground, the same difficulty occure. 

It is of course impossible to find a building entirely free 
from unequal expansion, or from tremor, occasioned by wind 
or other causes ; but the experiment might be brought to a 
decisive test by hanging a pendulum down the shaft of a very 
deep mine which was not being wrought at the time, or by 
floating a powerful telescope upon mercury, after the man- 
ner of the horizontal collimator, and directing it in succession 
to four equidistant marks placed in the four cardinal points. 
The apparent position of the marks with respect to the hori- 
zontal wires of the telescope might be altered by unequal i 
refraction at different hours of the day, but being equally j 
distant from the observer, they would by this cause be all 1 
affected equally. If, therefore, the horizontal wires should 
continue to cut the marks at the same points, or at corre- 
spouding points, at all hours of the day, it would be obviouS 
that no change had taken place in the level of the mercury"; 
whereas, if the intersections did not correspond, a change of 
level, and consequently of the plumb-line, proportioned to the 
discordance, would he equally manifest. 

The satisfactory trial of the experiment, in either of these 
methods, would imply a command of time, ground, and i 
sistants, beyond the reach of most private individuals, hut, if 
undertaken by Her Majesty's Government, might be o 
ducted at comparatively little expense by the machinery 
already in operation in the Trigonometrical Survey. 

Should this communication appear to you of sufficient im- I 
portance, the insertion of it in your Journal may be instru- 
mental in securing a settlement of the question in the above 
indicated or some other decisive manner. I have the honour 
to be, &c. Alexr. Gbiiard. 
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J. .F Millei-, Esij., 



Remarki. 

The past year is distinguislied b; i>ev<!i'al marked peculiarities and 4 
anomalouB characteristics, of wlilcli tho most piMminent are, — the ' 
rerf large amount of rahi, and its very unequal distribution orerthe 
different seasons, — the enormous and unprecedent«d fall in the two 
firat and two last months, and the protracted drought of ten weeks 
in the spring, — the longest, tliough not the most severe, which hae 
occurred within the memory of the existing generation, in the!NuTth- 
ern Counties. The year is further remarkable for its high tempera- 
ture, the large amount of surface evaporation, the great heat of July 
and August (especially of July, the mean temperature of which ex- 
ceeded that of any other month on record) — the great quantity of 
free electricity in the atr in these months, as manifested by the un- 
usual number and almost tropical severity of the thunder storms, — 
for the small number of frosty nights and the entire absence of snow, 
— and, lastly, (or the violent gales of wind which prevailed during 
the last week in December, particularly on the morning of Christ- , 
mas day, when the tempest or hurricane exceeded in violence any J 
storm which has visited the north of England since tlie memorable I 
7th of January 1839. 

The abnormal conditions of climate presented by the year 1852, 
are so numerous and varied, that they seem worthy of something 
more than a more passing notice. 1 therefore proceed to discuss 
these irregularities in the order in which they have just been e 
merated. As regards the Lake District generally, the year 1852 J 
exhibits by much the largest quantity of rain which has beei 
oorded in any annual period since the oxperimeots were commenced | 
in 1844, though the falls at Wastdale Head and Seathwaite n 
exceeded in 1848, by 5'74 and 415 inches, respectively. At the 1 
coast, the depth in 1852 was exceeded in only three of the last I 
twenty years,— viz.. in 1835, 1836, and 1841, in which the at- J 
mospherio precipitation was 54-13, 58'97, and 55-97 inches, 
spectively.* It may be observed, that the faU of rain in 1852 has | 
been relatively much greater in the Westmoreland than in the Cur 
berland portion of the Lake District. At Troutbeck, the depth e 
oeeds the average of the eight preceding years by more than oi 
half; at Kendal, by near?y one-half; and, at Ambleside, by mo 



* Tbo most extraonliaary reUtiva fall oT rain in Eaglnnd, in 1852, occurred 
at North Shields,— SS-21 inclieB, the average being only 20-37 incliBB.* In 8 
inanths previous Co June IS53, the total quantity of rain mensurod was 7-94 
inches ; and in the last 7 raantba of the year, the fait was 52<11 inches ;— viz., 

I June, 7*62 inches, in July, 671 inches, in August, G'B2 inches, in Septemher. 

GS inches, in October, 7-82 inches, in Ni)vember, 9'91 inches, and In Decern- 
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than oue-tliird : while, in Cumberland, the surplus varies from one- 
third, at Keswick and Bassenthwaite, to one-tenth of the mean an- 
nual quantity, at Langdale and Seathwaite. At Stonetliwaite, 
within two miles of Seathwaite, the excess is fully ene-fifch ; and at 
Butterniere and Gatesgarth, about an equal distance apart in the 
same Une of valley, it is one-fourth and one-sixtli of the mean annual 
fall in the preceding eight years. 

la January and February, the fall at Seathwaite was 47*70 inches, 
and in November and December, it amounted Co 50*30 inches, so 
that, of 156'74 inches of water precipitated at the lieaiJ of Borrow- 
dale in 1852, exactly 98 inches descended in four months; — whilst 
58'74 inches were distributed ovi-r the remaining eight months of 
ihe year. The largest quantity of rain measured in 24 houra was 
5-74 inches, at Stonethwaite in Borrowdale, which fell between the 
nioniiDgg of the 11th and 12th of December; — the depth on the 
lllh and 12th (for 48 consecutive hours) was 9'11 inches. 

The dry weather set in on the 18th of February, and continued 
till the morning of the 28th of April — exactly ten weeks. During 
thie pei'iod, there were a few slight showers, amounting, at Wliite- 
haven, to 0'318 inch, and, at Seathwaite, to 0'98 inch, quantities 
not unfrequently yielded by a smart shower of an hour's duration. 
From all I can learn, this appears to have been the most protracted 
drought which has ocourred in the present century, though, from its 
commencing very early in the year, its eifects on vegetation were 
not nearly so injurious as those conseijuent on the memorable drought 
which prevailed in the summer of 1826. 

During the 20 years (1833-1862) over which my registers extend, 
there have been four remarkably dry periods, but none to compare 
with the present in point of duration. The first was in 1836, when 
no rain fell in the 34 days between tjie 30th of April and the 3d of 
June, The spring of 1840 was fine and dry. I have no record for 
that year, but, at Carlisle, the fall in Mai'oh and April only amounted 
to 0-631, or little more than half an inch. In 1844, a drought set 
in on the 23d of April, and continued till the 4th of June — 41 
days, during* which 0-262, or about a quarter of an inch of rain fell. 
And, there was a further absence of rain between the 25th of June 
and the 10th of July, in the same year. 

My friend, Robert Jopson, Esq., Woodhouse, Buttormere, on the 
day preceding that which terminated the drought of 1826, caused a 
post to be firmly drivi-n into the bed of Crummock Lake, on whii.-h 
a well defined noU:h was cut, as a permanent I'ecord of the depth of 
water in the Lake, at a time when it was lower than had ever been 
witnessed by the oldest residents in the district. On the 4th of 
June, 1844, the water was bi inches above the notch or mark. On 
the 19th of April, 1852, it was just three inches above zero, and on 
the 7th of May (when 7-10th8 of an inch of rain had fallen) Mr 
Jopson wrilcp, " the mark was examined this evening, when the Late 
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was pei'fectlj calm, — not a ripple upon ii, and the uater was found ] 
to be only S-Sths of an inch higher than in 1826 ; and, I hare no ] 
hesitation in saving that the present season has been far drier than 1 
the Eummer of 1826, taking into consideration the time of the year, J 
llie dry weather of 1826 taking place in Juno and Jujj." 

On the 14th of June, 1624, when Derwent Lake was considered 1 
to be unuBually low, a mark was cut iu the rock of " Friar's Crag," I 
bj Mr Otley, of Keswick, which he calls zero. On the 5th of Julj-rl 
1826, the water was sis inches below the notch, but this great de- 
pression might in part be accounted for bj the state of the outlet. 
On the 9th of June, 1830, it was 2J inches; June the 1st, 18r~ 
1 inch; and June 3d, 1844, 4 inches below zero. On the 27th of J 
April, 1852, DerwenC Lake was 2| inches beloxv the zero mark, — ■ I 
and on the 2d of February last, it was 98 inches above the same I 
mark. In 1826, the Lake was below zero from the 12th of Jnna 
till the 12th of July, when rain came on, but the season might be 
called droughty from the 13th of April till the 12th of August — 
17 weeks. Two etooks of barley were cut at Portinscale on the 30th 
of June, and new oats from Underskiddaw were sold on the 5tli of 
August in that year. In 1844, the Lake was at or below zero 
from May 16th to June 9th ; and, in 1852, it was below zero from 
the 9th of April till the 9th of May, Hence, while the meteorolo- 
gical records kept at Whitehaven testify that no drought of equal iaror' I 
tion to that of 1852, has happened during the last 2U years, the I 
comparative depth of the water in Orummock and Derwent Lakes ] 
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affords evidence almost equally concltis 
ance of dry weather has not occurred e 
iu 1826, or within the last 26 years. 

The unusually calm state of the atmosphei 
able weather must have been striking, e 
observer ; and, fortunate it is that this st 

drought been accompanied by strong easterly winds, or, had it occurred I 
at a somewhat later period of the year, the evaporation from the 
ground would have been increased to an enormous extent, and the 
effects would, in all probability, have been most disastrous, both to- 1 
the vegetable and the animal kingdoms. Thus, in 1844, during 
the 41 days of di-ought between the 23d of April and the 4th of 
June, with occasional strong easterly winds, the evaporation amounted 
to 7'825 inches ; but, in the late dry period, whicli lasted 29 days 
longer, the water raised by evaporation in 70 days, is only 5'979, or 
barely 6 inches. 

At the summit of Great Gabel, there is a vertical cavity in the 
rock, which, owing to tho frequent presence of clouds, the higb de- 
gree of humidity, and consequent feeble evaporating force at this , 
elevation, always contains water, except in the very driest seaGOns. 
This "atmospheric spring, or well." as it is called, contained very 1 
Vittle iFflter at the end of March, and we may nssume that it wfts 
quite dry early in April. The woU wis alscj 4t\et\ «■( i 
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sptiag ol' 1844. This "atmospheric Bpring" is higMj regarded 
by the Biniple inhabitants of the Dale, and when the '' Sappers and 
Miners'' engaged in the trigonometrical survey, accidentally covered 
it over in 1844, a great stir was made till it was re-opened, by order 
of the officers. It may not ho uninteresting to note the circamstancee 
atteadiog the cessation of so remarkable a drouglit. The night pre- 
ceding its termination was sufficiently fine and clear to admit of my 
obtaining an excellent set of measures of the binary Star, § Bootia, 
between'lO and 11 o'clock ; at midnight, the sky was ooverad with 
a very thin veil of Cirro-stratus, reflecting a large, faint, lunar halo, 
which was followed by heavy rain at 7h. 30di. on the following 
morning ; and, by 3 o'clock in the afternoon, 6-lOths of an inch had 
fallen. The writer may here remark, that the lunar halo is the most 
certain prognostic of speedy atmospheric deposition with which he is 
acquainted. A halo seen in the evening is almost invariably fol- 
lowed by rain in the course of the night ; and, the larger tlie ring, 
the sooner does precipitation ensue. This long-continued drought 
ended rather suddenly, with a high state of the barometer ; nor waa 
it either preceded or succeeded by any marked fluctuations, either of 
pressure or temperature. 

The excessive heat which prevailed throughout the greater pail: 
of the summer of 1852, will long be remembered. The month of 
June scarcely attained to its average temperature. Hail fell in the 
Lake District, on the 1st and 2d; and, on the 3d, the higher 
mountains were capped witli snow. 

At Greenwich, July was the hottest month in any year since 1778, 
At Whitehaven, the mean of the day extreme was 71°'37, and that of 
the night, 5S''72, the mean temperature (65''-04) exceeding the ave- 
rage of the month by 4°-88, and that of any other month on record 
by l''-83- At Beathwaite, the mean of the maximum was 69°-17, — 
of the minimum, 68°-3, — mean temperature, 63'^'76 degrees. 

August was also remarkably warm, (though its mean heat was 4° 
less than that of July) and both months were characterised by an 
extremeiy disturbed electrical condition of the atmosphere. I cer- 
tainly never remember a summer in which there occurred such nu- 
merous and awfnl thunder- storms , Throughout .Tune and July, the 
air seem to be charged to overflowing with electricity. On several 
nights, electric flashes of dazzling brilliancy followed each other with 
scarcely a moment's intermiesion. from sunset till near sunrise ; and 
many fields of the potato plant were completely blackened in a single 
night. 

The winter of any year which passes over without snow, must be 
unusually mild. The only snow seen at Whitehaven in 1852, con- 
sisted of a few particles which fell on the 9th of January and on the 
Ist of March, scarcely deserving the name of slight showers, 

November and December, in addition to their excessive wetness, 
were distinguished by a very high temperature, a-nd a.\i iiTOw=\, ei\<!\t(i 
abwent-e of fi-osty nights, which amounted to iVvcconX-j. Kl'^NvA.t- 
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haven, tho moutli of December was no le: 
rago mean temperature. At Greenwich, i 
in the last 80 years, — and November wi 
year (1818) in the same fwriod. 

The fall uf rain in December at VVliitehi 
a greatur quantity tlian has been gaugeJ in any ' 
the lost 20 years, — and exceeding the average by 
inches. Every day but one was more i>i- less wet. 
and 12th, an extraordinary amount of rain fell ovf 
trict, and, the consequence was, tbe highest floods 
Keswick, Cockermooth, and other places. On the 
13th, the height of Derwent Laku, and of the River Greta, was 
greater tbau it had ever been before, in the memory of any living 
individual. The water was deep on the Main Street of Keswick 
for upwards of 100 yards from the bridge across the Greta, and it 
completely inundated some of the houses, doing a considerable amount 
of damage. In consequence of the overflowing both of the rivers Dei^ 
weiit and Cocker, the principal street of Cockermouth was flooded tu 
tliQ depth of 2 or 3 fiset, and a salmon was seen swimming opposite 
to the Globe Hotel in that town. 

At the *' Goat," at the outskirts of Cockermouth, the water 
vei-ed the mantelpieces in several of the houses, and the lives of th^ 
inhabitants were placed in immtnent peril. The railway between 
Cockermouth and Workington was under water, and one of the 
wooden bridges was carried away. Windermere Lake was exceed- 
ingly highj and it would have been higher than on February the 9tli 
1831 (or seven feet above its usual level), had not the outlet beea 
made one or two feet deeper near Newby Bridge, far the passage of' 
steamers. Under these circumstances, the Lake was just three> 
inches lower tha,n in February, 1831. On the Hth and ISth o£ 
December, the quantity of rain measured at Stonethwaite, for forty- 
eight hours, wa^ 9'11 inches; at Seathwaite, 7'57 inches; and at. 
Cumraock Lake, 6'60 inches. In five days of this month, 15'18 
inches fell at Seaihwaite, and 16'36 inches at Stooetliwaite. 

The mean temperature of 1852, at this place, was SO'-ISS, which 
is 1°'31 above the climatic average. In the last 20 years, there have 
been but three which have attained to a temperature of 50°, — viz., 
1834, 1846, and 1852. 

The Evaporation is 30'36 inches, exceeding the annual average 
quantity by Ool9 inch, and the amount in 1851, by 6.008 inches. 
The greatest depth evaporated in any single day was 0t)36 inches 
on the 27t!i of July, with a temperature of 73°-5 — complement of- 
the dew point 9°, and a bright unclouded sky.* In the almost 
tropically fine and dry year 1842, the evaporation amounted to 36'83 
inches, exceeding the depth of water pi-ecipitated by 2-143 inches. 



4 



Meteorology of tt'Mtekai'eit. 23 

Winds. — In 1852, the winds were distributed aw uuder: — N., 
17 days: NE., 77 days; E., 19i days; SE,, 34J days; S., 65 
dajs ; 8W., 93 days ; W., 34 days ; NW., 24^ days ; and, dead 
talmo, 1^ days. As usual, tLe SW. is the prevalent wind, but the 
easturly points are above ibo averago number. 

^Veather, f(a. — In die past year, there have been 60 perfectly 
clear days ; 190 wet days ; 126 more or less cloudy, without rain ; 
287 days on which tlin suu shone out more or less ; 21 frosty 
nights;* 2 slight snow-showers ; and 19 days on which hail fell. 
There have also been five solar and seven lunar halos, 1 parhelion, 
1 lunar rainbow, 15 thunder-storms. 4 days of thunder without visi- 
ble lightning, 7 days of lightning without thunder, and 1 exhibitions 
of the Auroi-a Borealis. The days of cloudless sky in 1852, exceed 
those in the memorably 6ne and luxuriant year 1842, by seven. In 
1861, the perfectly clear days were 19; m 1860,11 ; in 1848, 12; 
in 1848, 18; in 1847, 16; in 1846,27; in 1845, 21; hi 1844, 
30 ; in 1843, 31 ; and, in 1842, 43 ; the average number in the 
latit 11 years being twenty -five. 

Atmospheric Phenomena. — Aurora BorenlU. — Of the 10 ap- 
pearances of aurora recorded in 1852, 3 were seen in February, 2 
in April, 3 in September, 1 in Kovember, and 1 in December. 
The most brilliant dieplays of this beautiful meteor occurred in Feb- 
ruary and in September, of which the following particulars are 
copied from the local register r — 

Febraary 19tA, 1852. — Strong and intensely cold wind, with a 
nearly cloudless skj throughout the day. In the evening, there was 
the most magnificent and extensive aurora which ha& appeared for 
some years past. At 7h. 30m., occasional streamers rose up from 
£. to WSW., and at 9h., two-thirds of the Ely was covered with 
the auroral nust and streamers, the latter converging at a point 
south and east of the zenith, which, at 9 p.m., was situated about 8° 
N., and a little E. of Castor. From W. to NW, the meteor was 
extremely bi'illiant, the bases of the streamers I'onuing an arch, the 
centre or highest part of which was elevated about 25° above the 
horizon. The arch formed by the bases of these streamers was fre- 
quently tinted with a bright rose colour, resembling a fringe ; and, 
below, the skj was of a deep black. From this time till past mid- 
night, the aurora increased both in extent and intensity ; and, at 
times, fully nine-tenths of the aky was covered by it. In the KE., 
the streamers were tinged with a deep rose colour At llh. 30ni., 
the luminous matter was arranged round the point of convergence in 
a series of elliptic segments, presentinga very striking and uncommon 
phase of the phenomenon. The occasional minute clouds which 
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passed over tlie sky were bla«k as ink, and LLej appeared to stand 
out in relief', conveying the impression of their being at a very much 
lower altitude than the aurora. The light emitted by the meteor 
was very considerable, and I think mode rate! y-sized print might have 
been read by its aid. At 1 a.m., the aurora had diminished in ex- 
tent, and was then altogether conhned to the northern half of tbs J 
sky, but 1 am told it was visible till break of day, I 

February 2\st. — On coming up street, at nine o'clock this even- " 
ing, there was an irregular auroral arch in the NW., and frequent 
vivid flashes, resembling sheet-lightning. Before lOh., the aky was 
overcast and the aurora concealed from view. On looking out, at 
I3h., although the s% was stilt covered with a thin sheet of doudf 
the flashes were extremely vivid, and were repeated every few secondB,. 
exactly resembling the playful horizontal sheet -lightning seen on fine 1 
summer evenings, I never saw the magnetic flashings so bright and 1 
frequent on any former occasion. Aurorse were seen every night I 
between the Idth and 21st, at different places in England, during 1 
which pej-iod the Greenwich Observatory magnets were much dia- f 
turbed, and the electric telegraph needles were considerably deflected. T 
The aurora of Febi'uary 19th, was visible throughout England 
the continent of Eui-ope, and in America. 

September 20th. — Overcast, with frequent heavy showers and J 
gusts ; afternoon, gleams ; at 3h,, a loud pi'al of thunder from ths J 
northward; evening, showers. At lOh, 5m, p.m., the watery cloud I 
then overhead partially cleared away, and disclosed a magnificent J 
colourless areh about the width of a rainbow, extending nearly to the ' 
visible horizon at both extremicies, which terminated in the ESE. 
and WSW, astronomical points. The arch, which was of per- 
fectly equal width throughout its extent, divided the heavens into 
two not very unequal portions, its centre passing about 10" south of 
the zenith. In about three minutes after I first saw it. the clouds 
again closed in, and the phenomenon disappeared, go that I had not 
sufficient time to have recourse to tlie altitude and azimuth Instru- 
ment, or even to notice its position with respect to the fixed stars, 
but it was observed that its eastern portion covered the star Algol. 
There was no other trace of aurora in tlie sky, except a slight bluah- 
iiig in the NW. 

Remarkable Meteor. — February 22nd. — Light breeze ; fine and 
sunny, very damp day; from 4 p.m., dense (kmp fog. A corre- 
spondent of tlie Whitehaven Herald, dating from iMoresby, states 
that about eight o'clock this evening, ho was startled by a sudden 
blaze of light which illuminated the nhole of the surrounding country. 

On looking upwards, he saw a ball of fire, apparently as lai'ga as 
the moon, which shot off towards tile sea in a westerly direction and 
nearly parallel to the horizon, assuming in its course a deep and 
beautiful green colour. The meteor was also seen from the imme- 
diate vicinity of the tovin, and at the most of the adjacent villages ; 
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sIho by pei'soiis leaving the church at Ennerdale, I vtas in the 
Observatory about this time, when dense fog again set in, but I did 
not peroeive any trace of the meteor. The light from it wels how. 
ever perceived by those walking in the streets of tiie town, and waa 
supposed to be hghtnitig. I am told that this object was seen at 
many other places, botU in England and Scotland, 

Lunar Rainhmu. — On the 20th of November, about 10 minutes 
past 7 o'clock in the evening, a very beautiful and perfect lunar rain- 
bow was Been by Mr Isaac Fletcher, fram the railway station at 
Aspatria. " The arch was bright and distinct tliroughout, but most 
BO towards the extremities ; its colour was milky white, but h>wards 
its edges Eome of the prismatic colours were perceptible. It con- 
tinued visible nearly twenty minutes. Light rain was falling at the 
time, but the sky was quite clear towards the south, and in the north 
it waa densely clouded." 

I conclude the report with a few remarks on the relative tempe- 
rature, humidity, &c., of the air, in each quarterly period, in con- 
nection with the comparative mortality in the town of Whitehaven, 
during the past year, 

i/onoarj/.— A very mild, damp, and wet month. The mean 
temperature and fall of rain are both above the averages of the pre- 
vious nineteen years, the former by 3°'76, iind the latter 3'73 inches, 

February. — Heavy rains till the 17th ; afterwards, fair and fine 
to the ond. Temperature 0°'70 above the average of the month. 
On the 23d, the barometer rose to 30-680. 

March. — Very fine, mild, and remarkably dry. The tempera- 
ture is 0°'92, or nearly 1° above the average, and the depth of rain 
only amounts to a quarter of an inch. The mean daily difference 
between the temperature of the air and of the dow-poiiit is 9° : on 
the 19lhand 29th, the difference was 14°; on the 20th, 20''-8 ; and 
on the 21st, 18° nearly. On the 3d, the atmospheric pressure rose 
to 30-750, at 90 feet above the sea. On the 7th, a Peacock But- 
terfly was captured, and one of the Tortoise-shell Bpecies was seen in 
the vicinity of Cockerniouth. On the 25th, a specimen of the Sand- 
martin (Hirundo Riparia) was shot in the same neighbourhood. 
The earliest arrivals of this bird previously on record, are the 4th 
and 11th of April. On the 23d, bees were carrying burdens. 

FirU Quarter, — The temperature of the quarter ending March 
Slst, is 1'''79 above the average of the last nineteen years. 

The deaths in the town and suburb of Preston Quarter are 35 
vnder the corrected average number, which is 163. By the Begia- 
trar-Genoral's report, it appears, " that notwithstanding the peculi- 
arities of the weather, the mortality over the kingdom has been 
considerably below the average for the season. The rate of mor- 
tality iH 2-364 per cent, which is less by 0-111 tban the mean 
unnual rate in the ten previous winter quarters." Tt may be well 
to state the mode of correcting the average nviTcv\jeT q^ &c*"iW vcl e«.Ocv 
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quarter lur increase in populai.iun. Tn 1841, the population at ttie 
town and suburb was 16,635; in 1848, (by a private uensus) 18,791 ; 
in 1845, it is assumed to have been the mean of these two periods, 
or 17,867; and, by the national ceniius of March Slst, 1861, 
the population was 19.281. The mean of these numbers gives au 
average population of 16,143, for the thirteen years ending with 
1861, which is very nearly one-sixteenth less than the number of 
inhabitants in 1862, assuming it to be the same as in the previous 
year ; and, it is pretty certain there has buen no increase in the last 
two years. Hence, to render the average quarterly mortality com- 
parable with that of corresponding periods in the yiar 1852, one- 
Bixteenth is added to tlie absolute or recoi'ded average number of 
deaths for the preceding thirteen years. 

April. — A niemoi'ably fine, mild, and dry month. Till the 28th, 
only one slight shower of rain fell, and the entire fall slightly ex- 
ceeded an inch. The air was in a remarkably dry state, the mean 
dally difference between its temperature and that of the vapour- ■ 
point being 14°-6. On the 21st and 22d, the complement of the 
dew-point amounted to 20'''4 and 26°, respectively. 

The perfectly clear days are twelve in number, as many as woro_ 
recorded throughout each of the years 1849 and 1850. In the ten 
consecutive days between the 7th and the 16th, there was no appear- 
ance of cloud, either by day or by night. The temperature is 1°'77 
above the average. The Cabbage butterfly was first seen on the 12th, 
and the first Swallow on the 23d, both in the immediate vicinity of 
the town. Swallows appeared in the Lake District about the 23d, 
and the Cuckoo was heard at Seathwaite on the 23d, and at Lang- 
date Head on the 24tb. On the 3d, several branches of pear-tree 
blossom were fully expanded; and, on the 18th, the hedge-rows 
near St Bees were almost in full leaf. On the 16tb. the maximum 
temperature fell 16° in the preceding twenty-four hours. 

3Iay. — A very fine, but rather cold month, the temperature being 
I^'IS below the average. Heavy showers fell almost daily between 
the 7th and the 19th ; the rett of the month was free from rain. 
On the 1st, the Corn-crake was heard at Bassenthwaite Halls, near 
the foot of Skiddaw ; and the Cuckoo was also heard for tbe first time 
this year. 

June. — -Frequent showers, but the sun shone out on twenty-seven 
days. The temperature is 0°'78 helow the average, and on the 2d 
ftnd 3d, a large quantity of hail fell at Whitehaven. On the 21st, 
we had tho first cast of bees at the coast. 

Second Quarter. — The temperature of the quarter ending June 
30lb, is very nearly coincident with the mean of the corresponding 
period in the previous nineteen years. The deaths are one abo'.ie 
the aver.\ge number. In April and the early part of May, there 
were many^deatha from Phthisis, and pulmonary complaints were 
nnuBually lataK-, According to the Registrar- General " the mortality 
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tlirnugliout England in tliia quarter was 2'227 per ceut., which is 
slightly above the average of the season. The excess of deaths was 
chiefly in the town districts, which still maintain tlieir fatal pre- 
eminence in destroying the livea of the population.'' 

Jult/ and August. — The chaiacters of these months have already 
been given. On the afternoon of the 16th of July, there was a. fine 
prismatic solar halo, and another in the evening, which were fol- 
lowed at night by an awful storm of thunder, lightning, rain, and 
hail, when \\ inch of rain fell in little more than an honr. On 
the 14th, the thermometer rose to 83 degrees in the shade. The 
mean complement of the dew-point was Hi", shewing a very low 
degree of humidity in the air. The mean temperature of August 
is 1°'61 above its average value. Of the numerous and very frightful 
thunder-storms which occurred in this and the previous month, one 
was so remarkable in its eiFects, that I venture to give a few parti- 
culars respecting it. 

August 10th, — " A dreadful storm of thunder, lightning, and 
rain, almost directly over the town (Whitehaven), between 8 and 
11 o'clock this morning. During the height of the storm, the 
lightning entered the chimney of a house in Senhouse Street (at- 
tracted probably by an iron weathercock with which the chimney 
was surmounted), and pierced the wall, passed through an attic, 
descended by way of the staircase to the floor of the room beneath, 
passed through the floor, deseended to the shop and kitchen, and 
Anally expended its force on tile cellar beneath. In its pragress, it 
tore a beading from a door-case on the second floor, hurling a por- 
tion of it, from which two nails protruded, against another door on 
the opposite side of the room, to which it became firmlif attached by 
the nails. The fluid also struck down a woman and child who were 
entering the room by the fi rst- mentioned door, shattered the shop- 
door, knocked down a young man who was passing the duorway at 
the moment, passed through the clock-case, and communicated a 
severe shock to a female in the kitchen, struck a boy who was sitting in 
the cellar with a child on his knee, and hurled boy and child to oppo- 
Mte sides of the room. Thus, independently of the female who was 
stunned in the kitclien, flve persons in the house out of nine which 
it contained at the time, were prostrated by the fluid, and all at the 
same instant, — none of whom sustained any permanent injury. The 
spot at which the lightning passed through the second floor is indicated 
by a circular orifice nearly half an inch in diameter, the edges of which 
indicate the action of intense heat." A few days before, the light- 
ning descended on the gable end of a farm-house called " Game- 
rigg," near this town, from which several cart-loads of stones were 
dislodged, and projected into the interior of the building, 

September. — A fine, mild, and dry month. The temperature is 
0°-45 above its averse value, and the complement of the dew-point 
is O^'S greater than in August. Rain fell on ten ia-j^ otfi^ . ^oim- 
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froats occurred on the momingB of the 16th and 17tli, And Aurorte ' 
were frequent during the latter half of the month. 

An unusual number and great variety of the Lepidoptera were 
visible during the warm summer weather which was continuoug dur- 
ing the first ten days. On the 10th, the writer noticed three but- 
terflies, (the Admiral, Peacock, and Tortoise-ehell) all located at one . 
time on a carnation plant, in a garden within the precincts of this 1 

Third Quarter. — The mean temperature of the quarter ending 
September 30th, is unusually high, being 2°-28 above its average 
value. The deaths are 73, being 48 less than the average number 
in thirteen years, corrected for increase in population ; consequently, 
this quarter has been unusually healthy at this place, notwithstand- 
ing the inordinate heat of the summer months. It would appear 
from the Registrar-General's reportfor this quai-ter, that an equally 
favourable account cannot be given of the state of the public health, 
as " the deaths exceed the number in any of the corresponding quar- 
ters of former years, except 18+6 and 1849," 

Oetober. — A pretty fine, but cold month. Temperature 2''-10 
beloui the average, Thundei'-storms occurred on the evening! 
the 1st and 24th. On the 1st, Skiddaw and Great-£ud v 
capped with snow, the first time this autumn ; and in the evening 
of the same day, a thunder-storm occurred in the Lake District. 
On the 2d, Swallows began_ to congregate in large flocks in this 
vicinity. 

N'ovember. —Mili and wet. The temperature is I'^'SO above ita i 
average value. On the 9th, about 4'' 30™ a.m., a shock of Earth- 
quake was Celt by must of the inhabitants of tliis town who were 
awake at the time, and by many who were awoke by the convulaion- 
A low rumbling noise was succeeded by two alight but distinct shocks, 
the principal effects being the jingling of glasses, the rattling of 
crockery, and a kind of rocking motion communicated to the beds. 
In some cases, persons were awoke from a sound sleep and jumped 
on the floor, expecting an attack from some nocturnal marauder ; and. 
the instances are numerous in which individuals imagined that some 
one was hidden under their beds. The earthquake appears to hav» 
been principally conSned to the two sides of the Irish Channel, though, 
strange to say, nothing of it was experienced at aea. It was felt as 
far south as Gloucester. The temperature had been unusually high 
for ten days previous to the shock, and it fell rapidly after its occur- 
rence. Between the 9th and 10th, the mean temperature fell 9°, 
and in 48 hours, between the 6tb and lOth, the mean depression 
was 16'7 (14° in the maximum, and 17°-5 in the minimum 
night temperature). As it is well to record all the phenomena ii 
mediately preceding or following such extraordinary physical occi 
rences, even though at the time they may seem to have no direct | 
connection with the events in question, I may state, that on the day 
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suRceeding the convulsion (the 10th) I noticed a, very reniarkabla 
arched cloud, extending from SE. to NW., with numei-ouB feathery 
offshoots, and in this respect somewhat resembling the vertebrie of a 
6ah. This uloud was pi-obablj of electric origin, and it may he ob- 
served that the clouda were evidently highly electric for some time 
previous to the occurrence of the earthquake. 

There were frequent hail showers, hut lightning was seen on one 
occasion only during the month.* On the night of the 29th, the 
therrnoaieter feU to 26°-5, an unusually low temperature for the west 
eoast at this early period of the winter. At 11 o'clock, on the 
morning of the 30th, the thermometer stood at 20°-5 on the summit 
of Sea Fell Fike, and the gimultaneous temperature of evaporation 
was 19 degrees. The rain gauges were, of course, all frozen up. 
The mountains were repeatedly capped with snow, and on the 27th, 
the Talleys were whitened for the lirst time this winter. 

December. — In many respects an extraordinary month ; besides 
being the mildest and wettest December on record, it is marked by 
sadden and enormous fluctuations of the atmospheric pressure, — by 
the small difference between the temperature of the day and night 
(5°'3) — by thunder-storms, and by two of the most terrific storms of 
wind which have visited the British Islands for many years. 

The first of the tempests or hurricanes alluded to, occurred on the 
morning of Christmas-day ; it was at its height from 3 to 5 o'clock 
A.M. ; and, during this period, it was considered to have exceeded in 
violence any storm we have had since the memorable 7th of January, 
1839. A Parhelion waa seen about noon the same day, and at l*" 
id"' -. on the following morning, a da/zling flash of lightning was 
followed, almost instantaneously, by a terrific peal of thunder. The 
flash of lightning was one of the most intensely vivid the writer ever 
witnessed, even in a tropical climate, notwithstanding the light 
emitted by a full moon,— and the circumstance of his eyelids being 
dosed at the time. The electrical discharge was immediately pre* 
ceded by a heavy hail shower, and followed by a storuiy night. 

The storm of the 27th was much more persistent, and continued 
much longer than that just referred to. The moderate gale which 
previuled on the 26th, increased greatly in violence during the night ; 
and, on the moi'ning of the 27th, it amounted almost to a hurricane, 
attended by continuous heavy rain, till 3 o'clock in the afternoon, 
when it began to abate. At, and after noon, (about the time of high 
water) the sea had risen to a fearful height, the piers were com- 
pletely buried by the waves, and the spray was actually driven in 
vast volumes over the cliffs to the north of the town, which are about 
90 feet above the sea level, and considerably beyond high water 
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niai'k at Kpring tides, aa may be supposed from the nortliern lii 
railway intei-vening between the sea and the cliffs. The lighttiouse 
keeper was imprisoned in his domicile on the West Pier (which was 
constantly deluged by the waves) throughout the previous night, and 
till 4 o'clact in the afternoon. The calcaUted height of the tide 
was 16 ft. 1 in., but abuut the time of high water, (ll"" 56" a.m.) it i 
rose to 24 ft., so that the waters of the Channel were elevated 8 feet 
by the force of the wind alone. Although a spring tide, vessels w 
afloat in our harbour at loiu water. The shipbuilding yards were 
noinpletely flooded, thepalingB were washed down, and many thousand 
feet of timber were floating about, no gniall quantity of which (in 
eluding several logs of not less than 30 Feet in length) was carried .. 
away by the receding tide. In one yard, the keel of a vessel whioh ^ 
had just been laid down, was washed from the stocks, and two vessels 
were completely wrecked a httle to the north of the harbour. Thtf fl 
Whitehaven Jtinotiun Railway sustained damage to the amount offl 
£3000, by the washing down of the massive masonry constituting' fl 
its protecting sea-wall. About 120 yards of the wall were cai 
away. A striking illustration of the force of the waves is furnished ' 
by the fact, that the pigs of iron with which a small vessel, stranded 
lately to the north of the harbour, had heen laden, were driven right 
lip against the Notth Pier, a distance of several hundred yards from - 
the portion of the beanh on which tliey had previously been lying. 
When the great weight of the iron pigs in proportion to the small- f 
ness of the surface presented by them to the action of the water, i 
borne in mind, this fact will he deemed signi6cant. At Maryport^-ii 
the wooden pier and ca*t-iron lighthouse were completely carried^ 
away, and the massive logs of timber forming the piles of the pieT<| 
were snapped off near the ground like so many desiccated sticks. Atfl 
Flimby, near Maryport, a heavy boat was taken up by the wind, and 1 
carried completely over the railway embankment into an adjoining'^ 
field. I am informed by Mr Hartnup, that the masimum horizon-' 
tal force of the wind at the Liverpool Observatoij, was forty-two ^ 
pounds on the square foot, on tlie moi-ninga both of the 25th and 27th. ( 
That faithful premonitor (when properly understood) of meteoro-') 
logical changes, the BRrometer, gave ample and signiflcant waminglj 
of some extraordinary atmospheric commotion, on the preceding even-i 
ing or night. At 3 p.m., on the 26th, the mercui7 stood at 29-296. J 
I did not again particularly attend to its movements till just befor« J 
retiring to rest at H'' 50", when the column was re.id off at 28-69 e,f 
ithavingfallen-074in the previous twenty minutes; indeed, such wa^ 
the rapidity with which the column fell, that the descent of the n 
cury was almost sensible to the visual organs ; certainly, an appre-^ 
ciable change was perceptible in each consecutive minute of time, A 
9 o'clock on the following morning, the column stood at 28-220 ! ! s 
noon, at 28-382, at 3 p.m., 28-802, and at midnight, at 29-162 
the column having fluctuated through a space of 2-018 inches i 



33 hours. Mr Forbes of Culloden states, that tho depresaion be- 
tween 10 P.M. of the 26th and 9 a.m., on the 27th, was 0-923 inch. 
At Culloden, the mercury, at 9 a.m., stood at 2'?'888 ; at 11 a.m., 
27-872 (the minimum) ; and, at noon, at 27-879 ; so that the mer- 
cury, in the north of Scotland, attained its lowest depression at least 
two hours later than at Whitehaven. Between 3 p.m. of the 17tb, 
and the same hour on the 18th, the barometer at Whitehaven rose 
from 28'880 to 30-142, or through the space of 1-262 inch. 

During the laxt two months, excessive and unprecedented floods 
prevailed from time ta time all over the kingdom, particularly in the 
ne^hbourliood of London, at Gloucester, Lincoln, Nuttinghani, Korth 
Shields, Newcastle, Carlisle, and Cockermouch ; and, in North Wales, 
they were also of a very destructive character. In the Southern and 
Midland Counties, the gi-eat weight of water fell in November, and, 
in the Northern Counties, in December. The floods visited the Lake 
District last of all ; they were at their height from the 12th to the 
17th i but the whole country was deluged with water till the close 
of the year. At several stations, the depth of rain in December ex- 
ceeded 31 and 32 perpendicnlar inches, equalling the average for all 
England for twelve months. The greatest fall (34-60 inches) took 
place on the " Stye," in Borrowdale, 948 feet above the sea level, 
or 580 feet above tho hamlet of Seathwaite and about a mile 
distant from it. 

The mean difference between the temperature of the air and 
tliat of the dew-point is only 2°'66. Lightning was seen on five 
days or nights during the month, on two occasions accompanied by 
loud thunder ; and the new year was ushered in by a storm of thun- 
der, lightning, and hail, which continued three-quarters of an hour. 
Numerous shooting stars and caudated meteors were noticed during 
, the rare and transient intervals of clear sky. 

JLiut Qtiarter. — The mean temperature of the quarter ending De- 
P cember 3lBt, is 1°'19 above its average value, and the fall of rain is 
v^Tj much greater than is due to the season. The deaths in the 
[ town and suburb were 131, or four under the average number for 
J the autumn quarter. Febrile diseases, the ordinary concomitants of 
I an unnaturally high temperature conjoined with excessive humidity, 
1 were very prevalent towards the close of the year ; and scarlet fever 
was very fatal amongst young children. 

By the Registrar- General's report for this quarter, it appears, 

" that the rate of mortality in the last quarter of 1852, throughout 

I Sngland, is 2-197 per cent., which is higher than the average rate, 

or than the mortality in the corresponding quarters of 1842-45, in 

1848, in 1850-51, but much lower than 2-545 and 2-389, the 

[ rates of mortality in 1846-47. It is found that the mortality in 

\ the town districts was, during the quarter, at the rate of 2514 per 
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cent, per annum, which is below the average {2-579), while the mi 
tslit; in the country districts was at the rate of 1'982 per cent- 
annum, or somewhat above the avenge of the corresponding qai 
(1841)." 

The mean difference between the temperature of the air and 
the dew-point, in 1852, (7°'51) is greater than in any year sinc^' 

1847, indicating a more than ordinarily low hygronietrical state of 
the air. 

The deaths in the town and suburb of Preston Quarter, in 1852, 
are 445, which \& 85, or 16 per cent, bvloai the annual arerf 
number in 13 years, corrected for increase in populatioi 
births, (717 in number) exceed the deaths by 272, and 
aboim the corrected average number for the same period. 

The mortality in the town and suburb, in 1852, with a popula- 
tion of 19,281, ia exactly equivalent to 23 deaths per thousand, 
one death in every 43'3 inhabitants, 

Tho average number of deaths in the 13 years ending with 1851. 
is 499, which, with an assumed population of 18,143, gives 2?-6 
deaths per thousand, or one deatli in every 36-3 persons. 

The sanitary condition of the town of Whitehaven has been gra- 
dually improving during the last three years. In 1846, 1847, and 

1848, (assumed average population 18,339) the mean annual num- 
ber of deaths is 694, being 37'8 deaths per thousand, or one ii 
every 26 '4 inhabitants in those three exceedingly fatal years. 

In 1849, the mortality is equivalent to 32-2 deaths per thousand^t 
or one in every 31 persons ; in 1650, to 24-9 deaths per thousan^j 
or one in every 40 individuals ; and, in 1651, to 23'4 deaths pw 
thousand, or one death in every 42'6 inhabitants. 

The writer cannot conclude this report with satisfaction to him- 
self, without briefly referring to the character and influence of ^AoA 
most remarkable year, in connection with a favourite department of 
BcientiGc research. A more unfavourable year for the successAil pro- 
secution of delicate astronomical work could scarcely occur, and I 
question whether an epoch equally antagonistic to his pursuits willi 
present itself to the recollection of the oldest British 
Kain fell, almost uninterruptedly, from the commencement of 
year 1852, till the 16th of February ; dry weather then set in,. 
continued till the 28th of April — ton weeks ; during this proti 
period of drought, although there was a large proportion of 
sky, yet, from the extremely low hygrometrical condition of 
celestial objects were generally indifferently defined, and the in 
unsteady, and, on many occasions, the atmosphere was in the ' 
possible state for determining the angles of Position and the 
tances of the binary stars. On several nightSj whioh were perfe 
dear to the ei/e, stellar systems of fully 3" centra! distance, am 
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. and § Ursee Majaris, did not sbew any sjnip- 
toms of duplicity ; in lact, they wore mere patches of diffused light, 
resembling single stars greatly out of focus, or imperfectly-seen ir- 
resolvable nebulosities, or masaea of fine white wool. An unusual 
number of cloudy nights obtained in the generally clear month of 
October, and Kovember and December, from their excessive wet- 
ness, militated even more strongly than did January and Februory 
against the labours of the astronomer. 

On the few clear evenings in November and December, the pla- 
net Saturn presented a superb telescopic object, with his multipte 
lings, (now nearly at their greatest breadth) his belts, shadows, and 
numerous satellites. The newly discovered ti-ansparent (and conse- 
quently fluid or gaseous) inner dark ring was permanently and 
steadily seen whcro it crosses the ball, even in the twilight, and in 
full moonlight, and, on rare occasions, the nebulosity was also per- 
ceptible at the A nsre, in the dark space between the inner bright ring 
and t!ie ball. On some evenings, the five old satellites, 

Japetua, Titan, Rhea, Dione, Tethys, 
were all visible at one time in the field of the equatorial telescope 
at this Observatory ; and the instrument being moved by a sidereal 
clock, enables the observer leisurely to examine the details of the 
truly beautiful celestial picture presented to his view. Perhaps no 
one ever gazed upon this magnificent orb for the first time, through 
li telescope of great power, without uttering a cry of admiration. 
' And, surely, strange must be the constitution of that mind, and great 
the oUiquity of the intellect, which could behold and ttudy a scene so 
marvellously grand and unique in the Universe, without being forcibly 
struck with the evidence of design, and with the wonderful adaptation 
of means to ends therein displayed, — without feeling impressed with a 
deeper sense of the inconceivable vastness of the Divine attributes 
manifested in the ci-eation, and ever active, ever patent to the 
teX and moral perception of man, in the sustentation and preservation 
of this, and countless other and doubtless still more majestic and stu- 
pendous globes dispersed through the unfathomable immensities of 




The Rain-Gauge ; the most efficient Form, Size, and Pot 

Deduced from Experiments with mani/ Gauges, durir^i 
severalyears. By Mr James Stratoh, Aberdeen. Com-l 
manicated by the Author. (With a Plate,) 

It will appear pavadoxical to many, as it long did to me, 
but seems nevertheless to be indubitable, that the most effi- 
cient rain-gauge, the most accurate by far, in testing circum- 
stances, is the smallest, the simplest, and the least expensiva 
gauge known. 

Three papers Lave appeared on tbe subject of rain and th< 
rain-gauge during the last ten years ; (1.) by James Dalm 
hoy, Esq. (Philosophical Journal, Edinburgh, vol. xxxiii.-,n 
pp. 8-10, 1842), shewing that the quantity of rain im 
its progress downwards ; (2.) by Thomas Stevenson, Esq., 1 
in the same volume of the Journal (pp. 10-21), on the impei*- 1 
fections of the gauges in use ; and (3.) by tbe Eev. Jobnl 
Fleming, D.D. (Philosophical Journal, vol. Ixvii., pp. 182-187, J 
1849) on a simple form of rain-gauge. The following is ioi- I 
tended as supplemental to the preceding papers ; and I wiali I 
to he understood as homologating their conclusions, except in J 
BO far as more extended experience has pointed out mistakeai 1 
or suggested improvements. 

The " great flood of '29" attracted special attention to the A 
subject of rain in the north of Scotland. Gauges were soon j 
after planted where they had never been before, and ob-J 
servers kept registers in Aberdeen and other places who hai 
not previously done so ; but so imperfectly were the essem 
tiala of size, shape, and proper position of the i 
understood, that, ten years afterwards, namely, at the cloaj 
of 1839, there was abundant room for doubt as to whetbn 
the clouds had poured 25 inches, 34 inches, or some iuten 
mediate or other unknown quantity of water, on the granin 
city during said year. 

Wishing to construct and use some rain-gauges, I f 
the subject so much involved in mystery and contradictiol 
that the only point quite clear was, there must be much erroJ 
somewhere, but we know not where. This state of knowledge 
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(op ignorance) was conBiderably more impoi'tant than flatter- 
ing, and the only alternative in the circumstances was to 
test the various points in doubt by a aeries of experiments. 
This I proceeded with as follows : — I had hix sets of gauges 
prepared and planted in as many separate localities. Each 
aet consisted of four gauges of the respective diameters of 
one, two, three, and eighteen inches. It was desirable for prac- 
tical purposes to determine what is the smallest size of gauge 
which can be used, conBistent with accurate results. This could 
only be determined by experiment, and hence my reason for 
planting gauges of one, two, and tliree inches diameter. A 
brief Bnmmary of the proceedings and conclusions attained 
will BufSce. 

Position. — As Mr Dalmaboy had demonatvated that the 
quantity of rain increases in its progress downward, I first 
planted the gauges with the mouths of the receivers level, 
or neai'ly so, with the surface of the soil, but I soon found 
very conflicting results ; I soon found that the quantity of 
water registered by each gauge was influenced in some vray 
by the state of the surrounding surface — (1.) when it was a 
smooth well-kept grass lawn, the gauges registered most uni- 
formly with each other, and the smallest quantity of rain 
during a given week, month, or quarter ; (2.) when it was 
8oft, pulveriaed, uncovered earth, there was a greater quan- 
tity of water in the same period, and the gauges were less 
uniform with each other in the quantity registered ; and (3.) 
When the surface was a hard smooth gravel-walk, there was 
the greatest quantity registered, and the least uniformity in 
the registrations. Another circumstance which an-eated ray 
attention was, that in all the gauges there was a quantity of 
earthy matter, sand, and clay, settled to the bottom and fre- 
quently adhering to the insides of the receivers. Whether 
this matter was blown in by the wind, or washed in by the 
rain, became an important question to settle. I therefore 
continued the experiments through several months, during 
which the soil was so wet that dust could not be blown by 
the wind. Still the earth, sand, and clay, found their way 
into the gauges as before. It also became obvious that the 
quantity of earth in the gauges at the end of each month 
bore a proportion (1.) to the quantity of rain which had fallen, 
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— the greater the quantity of the one.so was there of the other ; 
(2.) to the state of the surrounding surface — there was leftHt 
earth as well as least water from the grassy surface, more 
earth and must water from the hard smooth gravel, and most 
earth with less water from soft bare soil. It was now de- 
monstrated, in the first place, that the solid matter had been 
driven into the gauges by the water, not the wind. The 
drops of rain, on striking the ground, had been spattered 
about, carrying particles of clay, sand, SiC, with the water 
into the gauges. But the second and most important particu- 
lar demonstrated was, that all the gauges so placed regis- 
tered too much rain, because they received a quantity of 
water from the ground as well as theii' due proportion from 
the clouds. But if they are liable to fallacy in rain they tbre 
much more so when the water falls in the state of snow, and 
more particularly under the action of wind. This is the 
trying test of all gauges in every position, and of every form 
and size. All varieties of ground surface are soon reduced 
to one, that of snow, hard or soft, loose or dense, as the case 
may be. The ingenious device, suggested by Mr Stevenson, 
of a brush with the bristles pointing upwards round the 
mouth of the receiver, would probably be more efScient than 
the grass in preventing the spattering of water, but the 
bristles of the brush, as well as the grass, even the whin 
bush, and the hawthorn hedge, arc often cased up in snow in 
a few hours ; then all is smooth and level. In calm, the par- 
ticles of snow and hail would dance as they fell, some leaping 
into the gauge, and some away from it. In wind, the gauge, 
whether large or small, would soon be filled by the surface 
drift, though it got none from the clouds. 

The accompanying sketch of a scene which I passed through 
on the morning of the 17th February 1853, will give an idea 
of the difficulty of approsimating accuracy with gauges, under 
the action of wind and snow. The sketch represents a section 
of a tolerably level plain, extending about a mile from north to 
south, and nearly as much from east to west. A public road 
has been formed at B, C, D, about 20 feet broad. The bank 
A, on the north side, is about 1 2 feet deep, with a stone fence 
on the top, about 3 feet high. On the opposite side are a 
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retaining wall E, and fence, 10 to 12 feet liigh. During the 
four preceding days the wind was moderately strong from the 
NE., with showers, and the bank of snow B, was formed on 
the road. On the night 16-17, much snow fell, with a 
high wind, and tlie bank C was formed above B, up to the 
level of the stone fence on A, and extending over to within 
about 4 feet of the fence E, terminating in a thin crest over 
which the snow was blown by a strong wind. In the bottom 
of the ravine D, formed by the snow and the opposite wall, 
the snow was only a few inches deep, and the only difficulty 
in passing along the ravine arose from the sufibcating cloud, 
formed of minute particles of snow, whirled by the wind in 
the cavity D, then tossed over the fence E, and spread on the 
adjoining field. From E to H is a slightly undulated sur- 
face of nearly half a mile, over which the wind and snow 
swept pretty freely. The wall K is about 10 feet high, run- 
ning east and west. The wind being from the north, a bank 
of snow about two feet high, was formed at G, some three 
feet from the wall. From the crest of this bank a shower 
of snow, like the api'ay from tlie crest of a wave in a stormy 
sea, poured up over the wall H, crossed the road I, some 20 
feet broad, and was spread over the field K, On the road I, 
the snow was only three or four inches deep, bo that loaded 
carts were passing with ease, whilst the field K was covered 
to the depth of about two feet. Now, let us suppose for a 
moment that the cavity B, C, I), over the road, is the receiver 
of a huge rain gauge, placed on a level with the ground ; we 
see that it gets filled with snow by a little from the clouds 
and a large quantity from the adjacent plain. Let the other 
road H, I, be a similarreeeiver, raised eight, ten, or twenty feet 
above the ground ; we see that it gets almost no snow, 
either from above or below. The wind passes over the wall, 
forms a whirl in the cavity, and tosses the snow into the next 
field. I know not, therefore, how to place very large re- 
ceivers so that they shall do their duty. "We shall see what 
may be done with very small ones, 

When I was studying this part of the subject some ten 
years ago, I frequently went into the fields during rain to 
notice the action of the falling drops on tlie mineral and ve- 
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getable surfaces ; and I found that, on placing the eye near ' 
the level of the tops of the plants, — of growing com for ex- 
ample, — beyond which was a dark background, such aa a 
ploughed field or brown heather moor; that there was a gray 
mist over the green surface, to the height of eight, ten, and , 
sometimes twelve inches, above which it could not be seen. 

This mist, I inferred, was partly, at least, if not wholly, 
formed of the particles of water impinged from the 
vegetable surfaces, when the drops of rain were bi-oken to 
pieces by the force with which they fell. Hence, I farther 
inferred that every gauge must necessarily register too mach 
rftin if the mouth of the receiver be not raised above the 
mist or spray which I had seen. From that time I continued 
to I'aise all the gauges in the hare soil and gravel-walks, little 
by little, month after month, and had the satisfaction to find, 
as I did BO, that the excess of water registered, compared 
with those in the grass lawn, gradually diminished, and that 
the registration of all the gauges became more and more uni- 
form with each other, until it was frequently impossible to 
detect the hundredth part of an inch of difference in the quan- 
tities registered from the first to the last day of the month. | 
The most frequent exceptions to the rule of uniformity were j 
the largest gauges (18 inches diameter), which generally re- 
gistered less than the smaller ones ; — an important fact to be ' 
kept in view for notice farther on. After they were elevated ' 
13, 14, and 15 inches, the earthy matters were not again 
found in the water, nor adhering to the insides of the re- 
ceivers, although the outsides of the gauges were generally- 
bespattered from the ground upwards to some distance. The 
following examples shew the registrations of gauges of va- 
rious sizes and in different positions, during the two months' 
greatest quantity of rain which occurred during the experi- 
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From what bas been said, it appeai-s that from 14 to 18 
inches above the snrface of the soil is a proper position for 
the mouth of the i-eceiver of the rain-gauge, (1.) because there 
the rain-dropB liave received their proper additions from the 
atmosphere ; (2.) because there they have received do addition 
from the surface of the ground ; but (3.), and chiefly, becauBe 
the most suitable form of gauge, for accuracy in practice, has, 
when so planted, about 20 inches of its cistern or stem below 
the surface of the ground, and being thereby placed beyond 
the influence of all the ordinary, and most of the extraordinary 
vicissitudes of temperature, is protected from evaporation 
by heat in summer, and destruction by frost in winter. Mr 
Thorn's rain-gauge, used and described by Dr Fleming, is a 
cylinder immersed to the surface-level of the ground; and he 
frequently told me that, during the warmest and least rainy 
months of summer, he never detected any perceptible dimi- 
nution of the water in the gauge from evaporation. As this 
is quite consistent with my own experience, I leave the point 
as settled ; but the frost in winter is the inveterate enemy, 
the insuperable barrier, indeed, to the general and oon- 
Btant use of the rain-gauge as it is usually made and planted. 

Few observers are willing to empty their gauges habi- 
tually more frequently than once or twice a month. During 
the course of my experiments, some eight or nine instruments 
were planted by different observers in and about the locality 
but one after another they have all disappeared. They were 
made, some of copper, some of zinc, others of iron or tinplate. 
They were each enclosed in a wooden case, and the whole 
instrument was above ground, from three to live feet being 
the favourite height for the mouth of the receiver. Almost 
every night that a smart frost set in after rain, when the 
gauge contained water, it was frozen, and the metal gene- 
rally burst, as a matter of course. The observers persevered 
in repairs day after day, winter after winter, till wearied out, 
sooner or later, the repair was left undone, the gauge was 
useless, neglected, and became a wreck. 

I have never yet seen or lieard of an instance of freezing 
in one of my gauges, some of which have been in constant 
use for sis, seven, and eight years, It is quite possible to 
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Iiappen, however, but only on those rare occasions, once ia 
ten, fifteen, or twenty years perhaps, when intense firost, con- 
tinued for many days, penetrates deep into the soil, attracts 
the attention of all, and would of course warn and remind the 
observer to have his gauge empty. 

Size. — I began experimenting under impr^satons re- 
garding the Bize of gauges similar to those stated by Mr 
Stevenson, thus: — "But it seems probable that the larger 
they are made the better, and foi- ordinary use they could be 
conveniently enough constructed of fi'om two to four feet 
diameter." I had no very definite notions, however, as to 
the wby or wherefore a large should be superior in any par- 
ticular to a small gauge- I close the experiments, convinced 
that instruments from four or five inches to as many yards in 
diameter are far, very far inferior in point of accuracy, in our 
climate, to those of one, two, and three inches wide. The want 
ofuniformity of registration, which I always regarded as proof 
of want of accuracy also, noticeable from the beginning of 
the experiments, I was never able to trace to the difi^erence 
of size of the gauges forming the sets. But when I ulti- 
mately obtained a very near approach to uniformity by 
raising them beyond the reach of the spray from the ground, 
which was so cleariy a disturbing cause, I was then surprised 
to find that, while the small gauges of one, two, and three 
inches were remarkably uniform with each otlier in the quan- 
tities registered, the large gauges of eighteen inches diame< 
ter were in general considerably below, and in no instance 
did they exceed the small gauges in the quantity registered. 
At first I suspected error in the measurement or graduation 
of the instruments, but on examination found them all equally 
accurate. The question now came to be, did the small regis- 
ter too much, or the large gauges too little rain ? The very 
close and habitual uniformity of the sma.ll gauges, I could not 
but regard as presumptive proof, at least, of their accuracy 
also ; but how the large gauges recorded too little rain was 
not at all obvious at first sight. The sagacious remark of the 
keeper of the Buchanness lighthouse, quoted by Mr Stevenson, 
and verified, as it is, by most of his intelligent co-labourers 
at the stations round the coast, gave me the right clue to 
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the mystery, '■ When there is no wind it (the gauge) is very 
near tlie truth ; the more wind the farther from the truth." 
Yes ; I have stood by the gauges in rain and in snow, in 
calm and in storm, and eceu the truth of the statement de- 
monstrated many, many times. Indeed, all are familiar with 
facts which demonstrate the proposition, though they may 
not have drawn the importaut inference from wliat they saw. 
When we witness the action of the driving gale, as, loaded 
with the feathery flakes, it sweeps over the crested ridge of 
the bank or wave of snow, we see tlie particles just when 
they pass the crest, make a somersault, as it were, and fly off, 
over the adjoining wall, some ten or twelve feet high, per- 
haps to some distance, where they fall, and form a second hank. 
We see also that the lee or lithe side of the hank is generally 
scooped out in a kind of circular hollow, beyond which 
the ground is for some distance cleared of snow. (Plate I., 
D and I, fig. 1.) Now, the mouth or orifice of the receiver 
IB always in the lee-side of the run or lip, on passing over 
which the wind, when strong enough, niakes a whirl, and away 
it flies over the opposite lip, carrying the particles of rain or 
snow with it. It is in such circumstances that the efficiency 
of gauges is put to the severest test. If they fail, they are 
worthless; and the most ample, elaborate, and expensive 
instruments I have seen do fail In such circumstances. All 
the " eye-trapa or gimcracks, usually set up as rain-gauges" 
as Dr Fleming expresses it, are worthless, yea, worse than 
worthless, because they mislead, compared with a plain piece 
of tube an inch or two wide, by three or four long, which 
may be purchased in any town for a penny or two. 

The one, two, and threeinches diameter gauges, particularly 
the first and second, always register the most uniformly and 
the gi-eatest quantity, not a trifling or unimportant quantity, 
bnt to the almost incredible extent of a third and a fomth 
part more than the large gauges, during gales of wind. Now, 
I can only account for this by the fact, which I have often 
observed, that in small or narrow openings the wind does not 
form a whirl sufficiently powerful, excepting perhaps in some 
extremely rare instances, to carry the particles of rain or 
BBOW out of the small, and away as it does out of the larger 
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gauges. But the shape has also much to do in the matter 
as well as the size of the receiver ; and this ia the next par- 
ticular we will glance at. 

Shape or Form. — If we take a number of vessels of different 
shapes and sizes — sny a soup plate and a flat one, a tea cup and 
eaucer, a wash-hand basin, a waahing-tub of the largest size, 
a strong ale-glass, and a lady's thimble — if we take these and 
arrange them level, a foot or two from the ground, in the 
field or open plain where wind has free scope every way, we 
may test the question of efficient size and shape of the rain- 
gauge to any extent. When the drops of rain and the snow 
float gently down in the calm, all are equally efficient, all re- 
gister quantity in proportion to the area or surface expan- 
sion ; but when the wind, " blowing great guns," drives the 
dry snow over the plain, all are equally useless, excepting 
the ale-glass and thimble. 

This needs only to be considered for a little to be assented 
to and appreciated. The plates will remain empty, and the 
saucer nearly so (the particles being blown out as fast as 
they are blown in), the basin will not be so full as the cup, 
and the washing-tub will have little more in proportion to 
its size than either the basin op saucer. The whirl which 
carries the particles from the crested bank to the next one, 
some 50 or 100 yards off, is about as efficient in emptying the 
tub as the plate, but the limited opening of the glass or the 
thimble annihilates the whirl of the wind as effectually as 
the cage arrests the gambols of the imprisoned elephant ; all 
the particles that enter the orifice drop quietly down, and 
render their account when called on. 

Of the various shapes of gauges in use — square, round, 
and oblong — I much prefer the round. I have not indeed 
tested the square forms in every variety to be able to pro- 
nounce definitely on their merits, but all of them seem to be 
peculiarly objectionable, from the amount of commotion of 
deflection caused in the passing stream of air, compared with 
that caused by a round, or cylinder of the same diameter. 

1 have already shewn the noxious effects of commotion in 
and about the gauge so fully as to have demonstrated, I pre- 
sume, that the form and size of Instrument which ci*eatea 
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commotion to the least possible extent, must necessarily be 
the best in constant efficiency and accuracy. All the square 
form of gauges which I have seen used, seem to me to com- 
bine the defects of the worst round ones, in an exaggerated 
degree, but experiment only can settle the questiqp. This 
much I consider certain, however, that the round is not 
inferior in efficient accuracy, and is decidedly superioi- in 
strength and facility of construction. Of the round form of 
gauges, some are conical, like the common tin funnel used In 
filling bottles — some are oval like the egg-shell from which 
we cut off the broader end at breakfast, and others are cylin- 
drical like a piece of plain tube. If they are narrow, and 
deep in proportion to their diameter, all are about equally 
useful. If they are broad and shallow, about as deep as 
they are wide, they are all about equally useless. Of the 
three 1 prefer the cylinder, about an inch and half in dia- 
meter, and three to four times as deep — say 6 inches — as it 
IB wide. 

I have not selected the inch and half receiver, because it is 
superior to either the one or the two inch diameter, but be- 
cause it is not inferior to these, and is also large enough for 
strength of material, and facility for accurate construction. 

The following readings during the past year (quite con- 
sistent with preceding years) are given to shew the registra- 
tion of an instrument of the form and size just described in 
comparison with an oval (egg-shell shape) receiver of 6i 
inches diameter by 5J deep. The latter is an elaborate and 
complicated instrument of copper, glass and brass, planted 
at the Girdleness lighthouse ; it is one of many similar be- 
longing to the Northern Lights Commission. The two 
gauges are situate but a short distance apart, and under pre- 
dsely similar circumstances. 

1852. 1853. 
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gauge, even the most perfect, regifiters too litle rain, because 
the quantity required to wet the inside of the receiver is 
dried up, evaporated between showers three or four hundred 
times every year. Now, water passes ofF glass very much as 
it does from a cabbage leaf or a duck's back, so that the loss 
from evaporation is reduced to the least quantity. (4.) The 
strength ia ample for every purpose of fair wear. The glass 
gauge is as safe as our windows — much more safe than our 
roof-lights, our cupolas, our greenhouses, and conservato- 
ries. A heavy knock, or severe frost, is destruction to the 
copper and iron gauge as certainly as the glass, In the form 
of gauge which I propose, the risk from frost (the implacable 
enemy of the rain-gauge, as I have said) is avoided by the 
positiou of the cistern in the ground. Lastly, Glass is not 
liable to rust and corrode like iron by constant exposure in all 
weathers ; it requires neither paint nor varnish at any time, 
and, except broken by accident, it continues sound and effi- 
cient from age to age. 

The gauge I refer to (fig, 2) may be described as a small 
bottle turned upside down, and the bottom cut off. The body 
of the bottle forms the receiver A, one and a half inches 
wide by six deep ; the neck, extended to 30 inches long by 
J wide, forms the cistern B, on which the scale is engraved, 
wid the instrument is complete. The quantity of water 
which would fill one inch of the receiver fills about five inches 
of the cistern ; consequently, each inch of the scale is about 
five inches, and each tenth about half an inch long. The 
tenth may be easily subdivided into five or ten parts, and the 
readings taken to the hundredth part of an inch, A frame, 
C, formed of four slips of oak deal, is firmly planted in the 
f^round ; into this frame the gauge is passed down easily, but 
without room to shake, and the whole is ready for use. The 
line D represents the level of the ground, above which the 
mouth of the receiver should be 15 or 16 inches elevated, and 
qaite level. The observer can draw up the gauge at any 
moment, read the depth of water, empty it as often as he 
thinks proper, and replace the gauge in its position. 

This, the most accurate and efficient form and size of the 
i^ain-gauge — an instrument so essential to science and the 
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first arts of life, to llie meteorologist, the agriculturist, the 
engineer, the farmer, and the gardener — is so simple, and can 
be produced at a price bo trifling, tliat it may &nd a place in 
the garden-plot of every respectable cottager, as well as in 
the lawn of the landed proprietor. The extended use of the 
rain-gauge thus permitted, may form a powerful means of 
leading the advancing intelligence and activity of the rural 
population to habits of correct observation, scientific rea- 
soning, and more rational views of weather and climate, than 
the prognostications contained in the pages of " Belfast Al- ■ 
manacs," and publications of similar " respectability." 

One of the moat important conclusions resulting from the 
foregoing facts, — a conclusion as painful as it is important, — 
is, that all the data yet collected, all the rain -registers of this 
and other countries, are vitiated to some unknown extent in 
consequence of the imperfections of the instruments used. 
The larger gauge, of which the registration is given in com- 
parison with the smaller one, page 37. is superior in size and 
form of receiver (elliptical, 6^ inches wide by 5^ deep) to most 
of those which I have seen in use. Nevertheless, it will be 
observed that the record of the smaller during the six months , 
preceding this date is fully six inches more than that of the i 
larger gauge; being less and in error nearly a /oMWA^ar( of i 
the annual average depth of rain on the spot. It becomes ne- 
cessary, therefore, in order to give scientific value to the past 
labours of meteorologists in this department of their work, 
to plant more efficient instruments beside those hitherto used, 
and by years of comparison discover the probable amount of 
error in recorded observations. Registers of the rain fallen 
have, for example, been kept here during the past thirty years, 
and these give twenty-six inches as the yearly average depth 
of water, but my investigations shew that, though the records 
for the summer months may be near the truth, they are not 
so during the heavy rains and snow with strong wind in the 
winter months. The amount of error is so great that the 
yearly average must be at least thirty instead of twenty- 
six inches depth of rain. 
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The Royal Observatory of Scotland. 
From the annual Report presented by the Astronomer to 
tthe Board of Vieitore, approved of bj them, and since pub- 
Vlisbed, we find that much has been done, but that more still 
f remains to do. 

All the old observations have been computed and printed, as 
beatified by the recent appearance of the tenth volume of the 
""Edinburgh Astronomical Ob8ervation8;"but their importance 
Kb much diminished by the poverty of the establishment in in- 
strumental means, and in the manual resources absolutely ne- 
iessary to complete the scientific investigations which have 
^een commenced. 

The Aatronomer has clearly pointed out in his report what 

e desiderata are ; and they appear to be generally such as 

Wave already Been granted to other Observatories and rival 

Establishments ; and that, not only in this country, but in 

others also where science is not generally supposed to 

PonrisL Thus one of the observatories in Rome has just 

^btained from the Government there, one of the very addi- 

Ijdona to ita means, which has for several years past been 

jmaally applied for by the Edinburgh Observatory, but in 

Scotland, which justly considers itself in so many 

joints to be better circumstanced than Rome, has not in its 

Cientific department the same attention from her rulers. 

I "We trust, however, that this neglect will not last long, 

fad then, from the progi-amme of proceedings laid down in 

B report, we may expect a greatly increased importance 

> attach to the Edinburgh observations. 

The use, indeed, which the astronomer proposes to make 
(f the proposed addition to his instrumental means, appears 
J novel in its character, as welt as promising and effective 
it its results, that we subjoin here the concluding pai-t of his 



I " The previous headings, together with an actual inspection 
f the instruments and books at the Observatory, will give 
Be Board a fair idea of what baa been accomplished during 
me past year ; but looking also, and more wisely, beyond 
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the mere details of office work, to the general results on th< 
cultivation of science and the development of discOTery, the 
Visitors will perhaps hardly rest satisfied with the comple- 
tion merely of an accustomed annual task, when that is shewn 
to be insufficient for the advancing knowledge and requirM 
ments of tlie times. When other observatories are progresfl 
ing, the Board has shewn, by its recommendations to tM 
Government in past years, that it will not consent to this 
one alone being retarded for want of any necessary mechani- 
cal means, which a small sum of money could easily provide 
and their late chairman laid it down that the astronomer wi 
in duty bound to be ever on the watch for instrumental in 
provements on every side, abroad as well as at home, am 
that the fame of the visitors, the astronomer, and the obseX 
vatory, would depend on the success with, and the extent ti 
which these improvements should be introduced from tint 
to time. 

" No one acquainted with the history of Astronomy, or witi 
that of the other sciences, but knows the propriety, nay, eve 
the necessity of these views. In proportion always as obaei 
vation was cultivated, so did the science improve. Aa sux 
as it was neglected for theory alone, so certainly did me 
run into confusion and eiTor. In these days we have, it i 
true, a theory, arrived at by means of a vast amount of ol 
servation, and, therefore, generally right, nay, even absolute] 
right in principle; yet the application of that theory to tb 
phenomena of the heavens, must in every instance depeq 
upon observation. In proportion aa these are still iraprovei 
theory can be applied with more exactness and succesi 
while a long vista of discovery opens before us, when 
that the art of observing is still very improvable. We on 
require, then, to go forward in the path pointed out I 
theory, and rendered possible by practice ; and we shall 1 
enabled thereby to mark our own age in the history of scieni 
as one in which new facts of nature have been discovere 
and new ti-uths developed ; and which will have she^Ti ifcae 
a worthy successor to that of the Greeks, and of the highe 
minds of all nations, by taking up the sum of knowledj 
^landed down to us by them, and transmitting it, with in 
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Berease of lustre and substance. For the instruction and the 
B^alation of posterity. 

I "In this spiritj and remembering well that the first duty of 
■Observatories ia to procure obBervationa, and those of the 
Kitmost attainable accuracy, the Greenwich Observatory has 
Keen furnished, amongst other recent additions, with a mag- 
nificent meridian instrument, of greater power than the world 
■ever saw before ; and the results are already so promising, 
Bfaat a similar instrument has been ordered for the Observa- 
Kory at the Cape of Good Hope, 

■ "I cannot i-efnse ray meed of admiration to the inventor of 
■Uiat instrument, or to allow that such a construction would 
■be a notable improvement upon our meridian instruments 
I! here ; but having always restricted myself in my public de- 

■ tnanda to the moat urgent necessities; having rather waited 
I until the ease itself impelled something to be done ; and 
l.having, moreover, distinct ideas on the separate path which 
I should be pursued by each observatory ; I can freely leave 
I these more fortunate establishments to pursue their glorious 

■ future ; and would only re-urge again upon the attention of 
I the visitors, the great importance of the speedy acquisition 

■ of a proper equatorial instrument ; together with the various 
I items which formed the subject of their recommendation last 
L winter. 

I " Our Meridian Instruments, though now leas powerful than 
■liiiose at Greenwich, may do much good work ; and if aided 
Hto the utmost by an efficient Equatorial, will, I feel confident, 
KsBtJsfy the expectations of the friends of this Institution, I 
Hitftve nothing then to alter on my reports of former years, 
Bfor nothing therein requested can be spared ; and I will now 
Hoaerely add, that, when once procured, these new means and 
^appliances would enable us to carry out, with hardly any in- 
^BreaBe of time and labour, one of the most important and 
nBomprehensive improvements in Practical Astronomy, that 
Blias ever fallen to the lot of any observatory, in these ad- 
Kvanced times in which we live. 

n "I have already remarked that the healthy progress of As- 
K'tronomy depending upon observation, — the whole question 
Bof the true and the false hypothesis often hanging upon the 
K i>2 



52 



The Hoyal Obeen'atory of Sroihind. 

B with which a very small quantity may be measured J 

to, — the impvovement of the exactness of observations has 1 
always been the great cynosure of practical astronomerB. f 
But much moi-e is it the case now, as in addition to such 1 
motives, there is the further one, that so many observationa 
of long discovered bodies having been already accumulated 
in the world, there is little advantage to he obtained by re- 
observiog those same objects again, unless it can be done 
better than on former occasions. Accuracy, therefore, still 
accuracy, and accuracy above all things, must be the ruling 
idea of modem practical astronomy. ■ 

" Tbis being confessed, it will be found that the greatest | 
impediment to the desired accuracy is the atmosphere ; an ' 
ever present obst-acle, and producing, with well-made modern 
instruments, far more untoward effects than all other sources 
of error whatever. Putting out of the question actual clouds 
preventing any view of the sky, and even not stopping to 
consider the effect of the diffusion of general day-light, 
though that is a consequence of the atmosphere, and very i 
prejudicial, too, in eclipsing the fainter objects in the sky, — I 
yet if wo only take account of the smaller undulations shewn 1 
by the telescope to exist in the medium, when apparently , 
to the naked eye it is very clear and tranquil, — we jet find 
them there so excessive and so lawless, that seldom or 
never can the highest, or even anything like the highest, ' 
magnifying power be applied, which the object-glass i 
tually provided with, and would otherwise bear with advan- 
tage. Thus, telescopes may be ipcreased in size and accuracy, 
but, when under such drawbacks, without any benefit result- 
ing therefrom ; while the bad efi'ecta of the atmosphere are 
even more hopelessly obstructive in a large than a small 
apparatus. 

" The atmosphere, then, being so determined an opponent, 'j 
every effort should be made to eliminate its effects as far ay 
possible ; and this can only be accomplished by rising above 
its grosser parts, as when placing the telescope on a higd 
mountain. Such was Newton's recommendation more thai^i" 
a century ago, when trying the first little reflecting telescopa. 
that had ever been made. And yet, though ke recoraraendeit 
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it, though his recommendation has been long before the world, 
though telescopes have been since bo greatly augmented in 
number and in size, though the atmosphere forms an in- 
creasingly larger per-centage of loss upon every successive 
instrument, and though so many Observatories have been 
built expressly for the purpose of procuring the most accu- 
rate observations ; yet, not a single one has been built in the 
place best calculated, according to Nature and Newton, for 
procuring in the most perfect manner the ends for which it 
■was really established. For mtness that our Observatoi'ies, 
instead of being built on the highest mountains in the clear- 
est climates, have always been erected at the bottoms of the 
lowest valleys, hai*d!j elevated in any sensible, certainly not 
in any useful degree, above the level of the sea; and that, 
worse still, they are generally immersed in the smoke of our 
largest towns. 

In justice it must be allowed that many other duties have 
often been demanded of Observatories, besides making ob- 
serrations, — duties, too, that compelled their proximity to the 
haunts of men ; but even allowing for such compulsion in 
many cases, it is strange that men have been content, in 
every instance, to work under this excessive disadvantage, 
and these ungrateful difficulties. So much the more fortu- 
nate, however, for the Edinburgh Observatory, if the means 
Bhould at last be afforded for its occupying the vacant but 
promising field for the promotion of Astronomy. Not but 
what this Institution lias more than sufficient of secular 
iiu^ess and social duties to keep it close to the city; and 
I am far from recommending the removal of this Observa- 
tory, or the establishment of any new one, permanently/, on 
a high mountain : the expense of building in such a situation, 
for a constant residence, would be very large, on account of 
the strength necessary to withstand the severities of winter ; 
while there would be great difficulty in carrying on the 
mnting, &c. of the observations. 

" What I propose is, merely to establish a temporary ob- 
lerving station for the summer months ; as in this way the 
freater part of the good harvest which n mountain is capable 
if affording, would be reaped at the least possible outlay : for 
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nearly the whole of the fine weather period of the station- 
might thus be utilised in procuring measures ; which in thai 
aututnn would be brought home, computed, and printed, withj 
all the reaourcea of a civilised country. 

" This notable advantage, too, would be gained, without the 
loss of anything important that could have been secured by 
remaining in Edinburgh, or rather it would be the means of 
avoiding a positive loss. For when the College Session closes 
in April, and the Astronomer has more time to attend to his 
duties at the Observatory ; exactly then, unhappily, not only 
does tlie summer in Scotland prove itself more cloudy than 
the winter ; but even in clear weather, the nights, owing to 
the prolonged twilight of a high northern latitude, continue 
for some months so bright, that little can be done or even 
attempted, especially with that smaller class of objects, and 
that more exact observation, in which, as detailed last year, 
the Director considered himself peculiarly called upon to en- 
gage with the Equatorial. Just, then, at that season of the 
year in which the Edinburgh Astronomer has most time at 
his disposal, clouds and twilight combine to prevent his mak- 
ing good use of it. 

" Were lie, however, enabled to convey the equatorial alone, 
by a quick journey to a high southern mountain, merely tak- 
ing with him, be it remembered, his Edinburgh work, neither 
less nor more, to be executed with greater efficiency, he 
might reach a country of clearer skies, and darker nights, 
and be i-aised high above most of the disturbing influences of 
the atmosphere. He would, in faet, he able in three months^ 
to make more observations there, and each of them of sur 
passing excellence, than in a whole year in Edinburgh. Noi 
does this result depend solely on the theoretical ideas o! 
Newton, for I myself have had unusual opportunity of ob- 
serving, during some years, on mountains of various heights 
up to 6700 feet, in a southern country. From which expe- 
rience, too, I feel justified in concluding, that there wouh 
be no difiiculty in selecting a station, which should be freej 
for a given pei'iod of the year, from the usual mountaii 
clouds ; and that the degree of increase in the visibility ant 
" steadiness" of the images of the stars in the telescopt 
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would be 80 great, a» to leave far befaiod all attempts to 
observe the same objects on the surface of the earth with 
mstruments of equal calibre. 

" To give a first idea of the practical details, I may meotiou 
that the mountain which I propose is the Peak of Teneriffe ; 
of all high mountains the most quickly accessible from - 
England, the most easily climbed, and having the very con 
siderable elevation of 12,500 feet. Its whole distance fron 
England lies almost due south, most effective therefore foi 
taking one, during the summer, into the darkness of tro- 
pical nights ; and for raising the zodiacal region of the sky, 
always so low at home, high towards the zenith. It is more- 
over in the direct line of the Cape steamers, hardly more 
than a week's voyage; and from the landing-place in the 
harbonr, there is one continued slope to the top of the moun- 
tain; instead of the usual long winding and undulating 
ascents and descents which must generally be overcome, be- 
fore any very lofty station can be gained in most other parts 
of the world. Abundance of labourers and mules appear to be 
procurable : a sufficiently large plateau for the necessary 
erections exists at the height of 12,000 feet, and is stated to 
be clear of cloud throughout the summer ; while, if one ob- 
servation of Humboldt's can be depended on, the air is there 
more transparent than at the same height on either the 
Alps or the Andes. Moreover, as to the instrument itself, I 
have devised a new construction of the equatorial stand 
which will allow of its being taken to pieces, and transported 
with great facility: and all the observations, when made, 
being brought home each autumn, the computation and the 
printing thereof would be managed without diificulty, as a 
part of the usual Observatory volume, the permanent astro- 
nomical value of which would be thereby very greatly in- 
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Facte respecting the Laws which regulate the Distribution of 
Rivers, and the Principal Watersheds of the Earth. By 
William Rhind, Esq. * 

In the investigation of the hydrology of the globe, we shall 
" -^nd that there are certain limits of latitude within which the 
great majority of rivers have their origin. Thus all the rivers 
jf the first magnitude have their sources within the ti'opiea.1 
or sub-tropical zones, The greater proportion rise within 
the fortieth or fiftieth parallel of latitude ; and no river, of 
even fourth or fifth rate magnitude, derives its origin beyond 
the sixtieth degree of latitude. 

The following table of the pi-incipal rivers of the globe, 
with the latitudes in which their extreme sources originate. 
will serve to illustrate this fact : — 

Rivers af Asia flowing North and North-West. 

Obi, rises In lat. 48° N„ flows into Arctic Ocean ia Int. 65° S. 
Yenksei, rises in lit. 60° N., flows into Arctic Ocesa in lat, 71° N. 
Lena, rises aliout 60° N^ flows into Arctic Ocean in lat. 73° N.. 
Amour or SjIQAlien, rises in lat. 48° N., flows into Sangalin Qulf it 

B3°N. 
jAXAltTEB, \ rine In Pamir, lat. 36° S., elevation 15,000 Teet, flow into An 



Rivers of Asia flowing South and Sov,th-Eagt. 

INDDS, riMB in Kailas, M. Himalaya, lat. 31° 30' N., elevatioo 18,000 feet, 

flows into Indian Ocean, lat. 24° N. 
GiNOES, rises in Himalaya, lat. 31° M., Blevatloo 13,000 feet, flows into Bay 

of iiengal, 
BRAHHArooTnA, rises In Tibetan Moontainj, about lat. 30° 3' N., flows into 

Bay of Bengal. 
Ibbawadi, rises in Kast Tibet, about lat, 28° N., flows into Bay of Bengal. 

HOANO-UO, 1 

YaNQ-TSE K.ANG. ) ""« *" *^ '"'""' «<"^ '"'" ^'^"°* S^"' 

HONO KlANO, rises in Boutli China, flows into China Sea. 

Menam 'Rosa, ri«ea in Tibet, about lat. 33° N., flows into Gulf of Siam. 

GODATBRT, 1 

KlSHNA J ''"' '" ^™* Ghautfl, Hindoatan, about lat, 20° N. 

BirPHRATE) 



n Armenia, lat. 40° S., Bows into Persian Gulf. 



d before the Royd Phyiical Society, Eilioburgb, March 1853, 
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Rivers a/ Europe fiowiTig North and North-West. 

\ PBfOHOKi, rises in Ui'ol tlounUins, Int. 61° 30' N., flows into Arctic Oceaa. 
I DviHA, rUes in kt. S9° S., flows into White Sea. 

rieea in Int. 49° N.. flows tnlo Gulfof DanCiic. 
\ Blbe, rises in the Riesengebirge, B«beadB, Itit. AC S., elevatioD 4500 feet, 
flons into GermoQ Ocenn. 
IINE, rises in RhioewBld, lat. 16° 33' 74., eleTstion T6fiO feet, floA into Sorth 
Sea. 
I LOUB, rises In lat. 45° K,, elevBtian 3940 test, flows into Buy of BiscBj-. 
I OaKoNhe, rises in Pyrenees, lat. 43° K., flows into Bay of Biscay. 

Rivers of Europe Jlowinf/ Sout^Eait. 
n Tver, Bussia, lat, ST° S., elevation 660 feet, flowe into CosjiiDn 

o Caspian Sea. 






Q Oral MountalDB, lat. 64' N., flows i 
lat. 54° N., flows into Sea of A»o«. 
Bhtxpeb, rises in lat. 54° N., Bows into Block Sea, 

in Cnqiathian Mountaina, lat. 49° S., flows into Black I 
a Berge Mountains, lat. 47° N., devotion 2860 feet, fluv 
Black Sea. 

□ Hortli Italy, lat. 44° 38' N., flows into Adriatic. 

ises in Mount St Golhard, lat. 46° S., flows into Gulf of Lyons 

mver.cf Africa. 
iNltB, rises in Central ArioQ, from lat. 2' to 11° S., flows into Medlterr 
■BBHKaAI., rises aboat lat. 10° 30' N., flows into the Atlantic. 
IfTlOBB, rises about lat. 9° 25' N., elevation 1600 feet, flows into G 

Goinea. 

' Obanqe, rises in Sontli-eagt AJVEca, lat. 2Q° S., flaws into Soath Atlanli 
Baubeze, rises about lat. 17° S., flows into Indian Ocean. 

Sivera of America jiowin<j North. 

I Maokekzib, rises in lat. 4S° to 6&° N., flows into Arctic Sea. 
I Chdbchili.. rises about lat. 55° N., flows into Iludsoa Bay. 

■ I rise in Rocky Mountoiua, lat, 48° to 63°, Bow intt 



■Rivera of America flowing South and Souik^Eaat. 
|0I.U1IB1A, OF Obeqon, rises in Rocky Uountaias, lat. G4° N., Bows into N^orth 
Pacific 
LOBADO, rises in lat. 40°, flows into Gulf of California. 
RlSBISSiFPt, rises in lat. 47° N, (Missouri in lat, 42° and 48° K.), elevation 1600 
fost, flows into Gulf of Jleiico, lat. 20° N. 
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Rio Bhato I)BL Noete, rises about lat. 38° S., flows into Gulf of 
Orinoco, risas in laL 2° to 10° S., flowB into North Adsntic. 
AsilzoN, rises In Paruvian Andes and Parime mountains, from lal 

20° 8., flows into Atlantic at the eqaator, 
TOCANTINS, ■. 

I'ABANA-HTBA, Wise in BniziliaD mountains, flow 
San FJtiNciaco,' 
La Plata, rises in Cbilian Andes aoil north-east 

to 15° S. 

Negro or Cuso Lebo, ) "'" '" *^^'^""' ^''^'"'' 



Soatb Atlantic. 

of Brazil, Ut. ia?| 

o 3outh AtlaDtic. 



Fi-om this table it will be apparent that the great rivers of 
Central Asia, the Ganges, the Brahmapootra, the Hoang-Ho. 
have their origins about the parallel of thirty-one north ; 
while the large rivei'S of Northern Asia, the Obi, Yenesei 
and Lena have their sources about the forty-eight and fiftieth 
degrees of la.titude. The great rivera of South America — 
the Amazon, the Orinoco, and La Plata — rise within the tro-J 
pics ; and there is no river of any conaequence in the soutl 
em hemisphere which derives its origin beyond latitude 4 
south. 

In North America, the Mississippi rises in latitude 47°, thaj 
Missouri in 42" north, while their numerous tributai-ies hav( 
their origin and courses in much lower latitudes. This is t 
ease, too, with the principal rivers of Europe. The extrem 
northerly sources of the Volga, Ural, Don, and Dnieper, 
between the parallels of fifty-seven and fifty-four ; but thej 
are fed chiefly by tributaries which traverse the parallels 
forty and forty-five degrees. The Danube, the Rhone, 
the Rhine, have their origins in lat. 46'' to 47° north. 

The primary cause of this airangement of river sourcea 
seems to be very obvious, and evidently has a relation t-o t 
regions of the greatest and most constant deposition of moiel 
ture on the earth's surface. Thus the greatest amount ( 
annual precipitation occurs within the tropical and sub-trM 
pical regions, while the fall of rain decreases in a rapid ratio 
"^ towards the frigid zones. While 100 to 300 inches of raM 
fall annually in the tropica, from 30 to 26 inches 
average of the temperate zones, and from Ifi to 10 inches ( 
the sob-frigid and frigid zones. 



Distr!bution of Ru'ers. 59 

This law of the deposition of moisture, then, necesaarily 1 
regulates the existence of rivers, so that as a general rule 
the number and size of these decrease from the equator to 
the poles. 

Where local circumstances tend to increase or diminish 
the fall of rain, we there find a corresponding effect produced 
on the rivers. Thus the Torneo, a considerable stream in 
North Lapland, though ranking but as a fifth or sixtli rate 
river, derives its origin in a very high latitude, about the 
parallel of 69" north, and is perhaps the largest stream on 
the earth's surface, to be found within this range of latitude. 
It owes its origin to the unusual quantity of rain which falls 
along the range of the Scandinavian Alps, and this unusual 
deposition of moisture appears to be due to the influence of 
the warm Gulf Stream which flows northwards along the 
western base of the Norwegian mountains ; the annual fall 
of rain here being on an average 82 inches. 

Butbesides this primary cause, which natiu'ally arises from 
the thermal condition of the earth's surface, there are secon- 
dary and concuiTent arrangements which mainly regulate 
the existing distribution and ditfusion of rivers, and these 
an-angements will be found in the position of the principal 
watersheds. 

In the continents of Asia and Europe there are two great 
leading watersheds, — one, which may be called the northern, 
extends from east to west in about the parallel of 50' to 55°. 
In Asia, it consists of the high table-lands formed by the 
Aldan, Altai, and Ural ranges of mountains. All the rivers 
which flow north into the Arctic Ocean have their origins in 
this great table land, as the Obi, Yenesei, Lena, Amoor, and 
others. A marked peculiarity in these rivers is, that their 
tributaries take their rise in much the same parallel of lati- 
tude as the originals; and that, as they flow rorthword 
through a comparatively rainless district, they are joined by 
no affluents of any importance or permanency. This is very 
difl'erent from the tropical rivers, — the Amazon, the Missis- 
sippi, — and even the Danube, in a sub-tropical locality, which 
continue to be supplied by ample tributaries onward to their 
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moxitha. The different aspects of these rivers may be com- 
pared on the map. The rivers of North Asia look like cer- 
tain trees, such as palms, with a long single stem, and a 
few fronds at the top, from whence they derive nourishment 
from tlie air; the Amazon or the Danube resembles those 
migJity trees of the forest that send out boughs from every 
part of the trunk, the more completely to nourish their stately 
forms. 

After passing the Ural Mountains, the watershed of North- 
ern Europe becomes very low. It is nothing more than a 
dome-shaped elevation of the great northern plain of Russia, 
with a height of 550 feet; but towards the centre of Eui^ope 
it curves more southward, and rises into the mountain ridges 
of the Carpathians and Alps, and finally terminates in the 
Pyrenees and the table-land of Spain, The rivers of Europe 
are by this means separated into two great divisions, — those 
that flow north into the Atlantic and Arctic Oceans, and 
those which discharge their waters into the Mediterranean, 
the Black Sea, and the Caspian. Into the vast hollow basin 
of Central Asia other rivers from the eastern slopes also empty 
their waters, as the Oxus, Jaxartes, Helmund. 

The great southern watershed is formed by the Eonen- 
lun range, forming the north boundary of Tibet and the 
Himalaya, Hindoo Koosh, and Taurus and Iranian chains, 
which stretch in a direction from east to west, between 
the parallels of 30" and 40° north. The Euphrates, Indns, 
Ganges, Brahmapootra, and Chinese rivers, flow south and 
south-east from this, the most elevated watershed of thej 
globe. The elevated range of the Himalaya intercepts X 
south-west and south-east winds blowing from the Indiai 
Ocean, and loaded with its moisture ; and this moisture if 
posited at the different seasons of the year, partly in copioual 
ra;r. ?"d partly in snow, which latter accumulating i 
merous glaciers, affords the summer supply of the great riversj 
which have their sources in these elevated regions. So ex-J 
tensive and almost complete is this interception of the mois-T 
tiire coming from the south, that, on the table-lands of Tibet! 
to the north, rain is almost unknown, and snow is only! 
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sparingly deposited at elevations of 16,000 and 18,000 
feet.* 

In North America we find tlie great northern watershed 
of the old world extending to the new in about the same 
parallel of 50^. Tlie elevation of the eastern part of this 
watershed ia only about 600 feet, but it rises on the west 
into the range of the Rocky Mountains. To the north and 
west of this watershed lie the numerous laites and rivers of 
New Britain, or Hudson Bay territory, the surplus waters of 
which are carried chiefly by the Mackenzie and the Churchill 
rivers into the Arctic Ocean ; wliile on the east, the St Law- 
rence carries off the surplus of the iive large Canadian lakes. 
On the south slope of this watershed the Mississippi rises, 
as well as some of its tributaries, and so low is the elevation, 
and 60 contiguous are the sources of the southern and north- 
em systems of those rivers, that in great floods, from exces- 
sive rains, the waters of both divisions intermingle. The 
great watershed of South America, the Andes, assumes 
■uth and north direction, in conformity with the general 
bearing of the continent. And here, too, there may be ob- 
served a singular propriety in the arrangement of the surface 
in relation to the deposition of moisture. The lofty ridges 
of the Andes ran across the western edge of the continent, 
and thus form a screen by which the moisture of the aouth- 
saat and north-east trade winds, blowing over the surface of 
lie Atlantic, is completely condensed, and which, flowing 
down their eastern slopes, waters the wide and extensive 
plains, and again returns the surplus into the ocean source 
from which it was originally derived. The tropical region to 
the west of these high mountains is almost destitute of mois- 
Inre and of rivers. 

We are as yet but imperfectly acquainted with the structure 
lOf Africa, yet the Nile evidently derives its principal source 
'from some elevated and snow-clad mountains near the equa- 
tor, and then flowing northward, refreshes the arid deserts of 
the centre and north with its cooling waters. Like the rivers 
of North Asia, the Nile carries almost its whole supplies 
from its two original sources, for it ia joined by only one tri- 
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butary, the Atbera. in its loDg course of about 2000 miles 1 
over a dry and rainless desert. The other known rivers of I 
Africa, the Niger, the Senegal, the Gariep, and the Zambeze, 
all rise within the limitsof the tropical and sub-tropical zones- | 
We may suppose that the great watershed of Africa exists 
near the centre, and extends from west to east. The most re- 
cent discoveries on this continentindicate high mountains near 
the equator ; and north and south of these ai-e lakes and rivers, I 
in all likelihood derived from those snow-peaked summits. 1 

The Hydrology of Australia presents anomalies apparently I 
more connected with the formation of the land-surface than 
the condition of the atmosphere. The absence of mountain j 
ranges, especially in the northern half, prevents the format J 
tion of rivers, by being unfavourable to the condensation of 1 
atmospheric moisture, while the evaporation fi"om the low, 1 
level, and arid surface of the interior carries off all the rain | 
that falls, so that tlie only river system of the country is in 
the mountain range of the south-east shores. 

It would appear that, in the lower or tropical and sub-tro- J 
pical latitudes, the presence of snow-capped mountains is es- I 
eential to the full and permanent supply of rivers ; and it is \ 
thus that the Andes and Rocky Mountains in America, the 
Tibetan and Himalaya ranges in Asia, the Alps and their 
connected ranges in Europe, the Pyrenees and other peaked 
summits of the Iberian Peninsula, and the Urals, intermediate 
between Europe and Asia, — which latter contribute largely to 
the Volga and other streams of the great central basin — 
constitute the main centres of supply for the principal rivers 
of the world, 

We accordingly tind that the most celebrated mountain 
peaks, as well as the greatest amount of elevated land on the 
earth's surface, lie within 40° degrees of the equator, both 
on the north and south. The highest summits within this 
range of latitude are from 25,000 to 28,000 feet. A few peaks 
beyond the latitude of 40° attain elevations of 10,000 to 17,000 
feet ; but the general tendency of the mountain ranges and ] 
table-lands is to decline towards the poles; and the vast^9 
Russian pliiins in the northern hemisphere, and those of the 
Pampas and of Patagonia in the southern, are evidences ofi 
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the very low elevation of the general surface. Within tlie 
Arctic regiona there ia no mountain range exceeding 5000 feet 
in elevation, while the general surface ia only a few hundred 
feet above the sea level, In the Antarctic lands, volcanic 
cones, apparently isolated, attain an elevation of 12,000 feet. 
That there exists, therefore, a designed harmony of ar- 
rangement between the zone of the greatest and most perma- 
nent deposition of moisture, and the distribution of water- 
sheds, which regulate the river courses, we think may be 
rendered forcibly evident by supposing, for a moment, a 
reverse arrangement to have existed, Suppose that the most 
elevated parts of the earth had been towards the Arctic and 
Antarctic circles, instead of being in the tropical and sub- 
tropical zones, as they now are, we then would have had 
probably the same, or nearly the same, deposition of mois- 
ture, but it would have accumulated in the equatorial regions, 
and formed immense morasses or numerous lakes. Suppose, 
for instance, that the north watershed of Asia had been 
placed in latitude 70" instead of 50° north, then we should 
have had do rivers thronghout all that vast region, the cold 
of Siberia would have been doubled, and animal or vegetable 
existence would have been barely possible. The same deso- 
lation would have followed in the north of Europe ha-d the 
watershed been moved 20° degrees farther north. That the 
greatest deposition of rain should take place within a limited 
range of the equator seems a necessary consequence of the 
other thermal arrangements of the globe ; but by the existing 
arrangements of the elevations and slopes on the earth's 
surface, tliis moisture is by means of rivers diffused on all 
sides to the utmost points of the habitable land. Are we not 
then, on the whole, entitled to conclude, that however irre- 
gular and unsystematic may appear the distribution of the 
mountain ranges on the globe, the same adjustment of means 
to ends is as manifest in them as in the more minute and 
elaborate, though not more important, structures of organ- 



There are some other circumatauces in the distribution o. 
rivers which may be cursorily glanced at. With the excep- 
tion of those rivers on the north side of the great northern 



64 



On tlie Laws icHieh regulate the 



waterahed) a larg^e majority of the rivers of the oarth flow ii 
a south or Bouth-easterly direction, ThiB is the case with 
tiie Danube, Volga, Euphrates, Indus, Ganges, of the old 
world, and all the great rivers of America south of lat. 50° N. 
The Nile in A(i-ica is almost the only exception. Thia evi-' i 
dently arises from the continents being more elevated to the- ] 
north and west, and sloping gradually south and south-east. 
This arrangement of continents seems also to extend to the 
majority of islands. It is the case in Scotland and England, 
and many other islands. By attending to the riveivcouraeB 
on a well-constructed map, we may thus obtain a pretty ac-'d 
curate idea of the elevations and depressions of the surface, ' 
as well as the general declination of the land. Sy tracing j 
the intricate windings of rivers in this way, we shall a 
able to mark where the great obstructions and obstacles tofl 
their direct courses lie, and how ingeniously, if we may so' 
express it, their currents — impelled by the law common to 
all fluids — seek incessantly the lowest surface of the earth ; 
yet, knowing well their own limited powers of force and « 
pressure, they wisely seek, by a yielding circuitous patfa.V 
what they could not gain by main force. 

Another circumstance may be alluded to, which bears 
somewhat on a geological subject. In sevei'al of the larger 
rivers of the globe, theii* tributaries have origins many hun- 
dred miles apart ; whereas other rivers, which rise witliin a 
very short distance of each other, empty their waters into 
seas very far asunder. Some of the chief feeders of the 
Amazon and of the La Plata take their rise in the same ' 
mountain declivities, yet the mouth of the Amazon is 2000 •" 
miles distant from, that of the Plata. Three of the large'* 
rivers of Europe — the Rhine, the Rhone, and the Daouhe — '< 
have their origin in contiguous mountains, .but they all &»•■ 
sume opposite directions in their future courses. The feeders 1 
of the Mackenzie river and the Mississippi rise within a ferf 
miles of each other, but the Mackenzie empties its waters 
into the Arctic Ocean, some 2000 miles distant from the3 
mouth of the Mississippi in the Gulf of Mexico. The conti-'' 
guous origins of the Clyde and Tweed, while the one flows' 
west and the other east, is another familiar example. 
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UulrihuOon of River*. C3 

An observant traveller in North Americii, I'Vatherstonu- 
faaugh,* wlien tracing the country along the banks of the 
Arkansas river, came to a deep imd lonely gorije where the 
main stream of that river had once flowed, In the alluvium 
there he remarked alternEitc Iftyers of a red fen-uginoiiH 
clay, and of a whitish sand, frerjucntly repeated. His pre- 
Tious experience of the ti-ibutaries of this river enabled him 
thus to account satisfactorily for this appearance. He says, 
" What exceedingly interested me here v?ere the curious 
party-coloured deposits of clay and sand which had been left 
by the various inundations of the river that had taken place 
since this channel was abandoned. These inundations could 
almost be enumerated by the thin strata they had produced. 
There was a layer of red clay, then one (if white sand, then 
again a mixture of both, and occasionally large blotches or 
masBes of whitish clay, enclosed in a regular deposit of red ar- 
gillaceous earth. The last deposit consisted of about an inch 
of dull red argillaceous matter, most probably tji-oiight from 
the country where the river Canadian flows. Appearances of 
this kind are often met with in indurated rocks, where they 
can only he accounted for conjecturally. This alluvial depo- 
sit is, however, undoubtedly owing to the extraordinary cha- 
racter of the river Arkansas, a mighty flood, which, deriving 
itB most remote sources from the melted snows of peaks of 
the Rocky Mountains, from 10,000 to 15,000 feet high, and 
holding its course among the mountain chains for at least 
200 miles, pursues its way nearly 2000 miles before it joins 
the Mississippi. But the sources of this stream are nume- 
and some of them are six or seven hundred miles apart 
from west to east. The southernmost sources flow through an 
ancient deposit of red argillaceous matter for several hundred 
miles, which gives the red muddy character to the Canadian 
and its branches- The western and nni-thern sources bring 
down mineral matter of various kinds and colours ; but, to 
the east, some of the branches take their rise in the petro- 
ailiciouB country through which I had lately passed, and the 
white arenaceous deposits are sufficiently indicative of their 
eastern origin. The branches thus referred to being of un- 
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equal length, and separated by great geographical distaiicea, 
and the melting of the snow and the rainy seasons being go- 
verned by ditferences in tlieir latitude and elevation, they are 
consequently subject to overflow at different periods. 

Something of the same has been observed by other travel- 
lers on the lower banks of the Amazon, where there is 
greater distance between the ti-ibntariea, and greater varier! 
tiea in the periods of flood of the various aifluents, — a layi 
of deep tenacious clay, alternating with various coloured sands] 
and gravels, being here a common occurrence. 

This may so far tend to explain appearances in the dilu- 
vium of our own neighbourhood, around Edinburgh, where al- 
ternations of clay, sand, and gravel, are by no means uncom- 
mon, A good example of this we have at the clay deposit ctf* 
Portobello, especially in the section on the north or left han4 
of the road, and which is now being wrought as a brick-work. 
There may be seen a series of layers of sllicious sand, of 
about six inches in depth, alternating at regular intervalti 
with a depth of one to two feet of stiff tenacious clay. Thq- 
only fossil I have ever been able to detect in this clay was: a 
specimen which I now exhibit, and which appears to be 
cyclaa. Three casts of the same species of shell were alao 
found, hut no traces of the fragile shells remained. This 
shell was found in the bed to the right of the road, and in 
solid mass of clay, about six feet from the surface. 
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On the Discovery of a Frog in New Zealand. By Arthitr 
Sadndebs Thomson, M.D., Surgeon 68th Eegimanl. 
Communicated by the Author for the Edinburgh New Phi- 
losophical Jounial, 

In the Fauna of New Zealand, compiled by J. E. Gray, 
Esq., of the British Museum, and appended to DiefFenbaeh'e 
Travels in New Zealand, published in 1842, it is stated, «n 
the authority of Mr Polack, that " toads and frogs are not 
uncommon, especially near the mountain districts, but ho be- 
lieves they do not differ from the species in Europe." With 
8 remark before his eyes Dieffenbach states, " they have 
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never been seen by me," and he doubts tlieh* existence in 
New Z«>aland. The Rev. Mr Tiivlor, who has been long re- 
sident as a miesionary in the country, in his " Leaf from the 
Natural History of New Zealand," (1848), makes no men- 
tion of frogs. Dr Sinclair, Colonial Secretary, who has con- 
tributed ao much to the Fauna of New Zealand, informs nae 
that he never saw or heard of a frog in the country. I have 
asked missionaries who have been upwards of twenty years 
in different parts of the island, and natives who have re- 
sided all their life in the country, aud all of them declare 
that they never either saw a frog or heard the croak of one, 
and from tliese circumstances I, with many others, believed 
that frogs did not exist in New Zealand. 

In October 1S52, indications of gold were found in the 
hills around the harbour of Coromandel, in the Gulf of Hou- 
raki or Frith of Thames. In November, I visited the dig- 
gings and procured tlie frog which is herewitli sent.* It 
was got in this way. The gnld-diggers were washing the 
soil of a mountain -stream in the machine called " Long 
Tom." In excavating the banlts they displaced several large 
boulders of quartz rock, underneath which was discovered 
the living frog. The gold-diggers, who voluntarily submit 
to the evils and miseries of such a gambling trade, and can 
r&rely he excited by any thing unless a " great nugget," 
were so much astonished at the sight of a frog, that one of 
them desisted from the seductive occupation he was at, and 
took the frog, and put it into a bottle of water. As the bot- 
tle was tightly corked, the animal soon died, but so anxious 
were the diggers to preseiwe it, that they stuck the dead 
frog on the trunk of a kauri pine to dry, and when they saw 
me they gave me the animal. I took it to the place where 
Lieutenant- Govern or Wynyard was holding a conference 
with the tribes for tlie purpose of making a treaty to enable 
Europeans to dig the gold. The frog was shewn to many of 
the natives, and was carefully examined by several intelligent 
' nld men, one of whom was Taniwha, a celebrated chief, who 



'" ''■ThU Bp»Plni( 



68 Diteover^ of a Frog in Ntv> ZeaUuvi, ' •— -i 

recollects tlie last visit Captain Cook paid to this coaairji. 
None of these indiviiluals had ever seen Uie animal before, 
nor could they give any name to it. All the Xew Zea- 
lander» present were much istnick with its appearance, and 
tliey said it must be tlie Atua, tlie spirit or god of the gold, 
wliich had appeared upon the earth ; many of them shrunk 
back from it in horror, and some of tbein were inclined to. 
draw unfavourable omens from its discovery at such a partis 
eular time. At Auckland I met natives from all parts of the 1 
island to whom I shewed the frog, but none of them had evec ] 
seen it before. Three other frogs were caught by the gold- 
diggers in a different stream from the one in which the spe- 
cimen was found, — one of these was lost, and tlie natives in-i j 
sisted that the other two should be set at liberty, lest evij \ 
should come on the party who caught tliem, The country I 
where the frogs were found is made up of plutonic and i 
tanuirphic rocks, which rise in some places to the height of 
nearly 1500 feet. It forms a peninsula from Cape Colville 
to the mouth of the Thames. The rivulets in which the 
frogs were found run down tlie western side of the range 
into the harbour of Coromandel. The hills are thickly co- 
vered with fine timber, and the streams beautifully shaded 
from the heat of the sun. 

Degcripiwn of the Frog, an taken from Ihe specimenduco- 
vered. — Length of body one inch ; head more round and less 
pointed than that of the Bana Palustria of Europe ; mouth 
large, with teeth in the upper jaw ; skin smooth and shining, 
with Revernl small rounded tubercles or papillte on the sides ; 
posterior extremities long and muscular, with five toes pal- 
mated, and partially webbed ; anterior extremities short, viiih. 
four toes ; eyes prominent, colour olive-brown, a white Spot 
between them ; the colour of grayish- white, back brown, thif 
belly of a lighter brown, which extends round and forma 4i' 
border on either side of the brown on the back. The extee? 
mities are marked across with lines of brown and grejiidi- 
white alternately. ■ .,, 

ICemarke. — Bory St Vincent states,* that frogs and toads 
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arenot found in any of the volcanic islands of the great 
oceans- Bui this idea is not now correct as regards the 
nortii island of New Zealand ; though th« stiitement ia still 
apparently correet as i-egarda the other inlands in the Pacifio 
Ocean. In the Sandwich group of islands there are neither 
frogs nor toads." In the Galapagos Arehipelagoj there are 
DO frogs or loads, and I have examined men who have lived 
at Tahiti, the Navigator's Group, the Friendly Islands, Oliat- 
hara Island, Norfolk Island, and many of the other islands 
in the great ocean which surround New Zealand ; and they 
all agree that no frogs have ever been found in any of these 
islands. Perhaps, however, mora careful inquiries may de- 
tect frogs in the hilly rivulets of these countries, as they have 
been discovered in New Zealand. 

When the character of the now almost extinct native rat 
in New Zealand became known, it furnished a link in the 
chain of evidence regarding the countries from whence the 
New Zealand race originally came ; and t.he discovery of the 
ft«g may throw a ray of light on some obscure geological 
qoeattoDS in New Zealand. 

Arthdk S. Thomson. 



Pro/essur Edwanl Forbes on the Mollu»<:a of {he Briiish 
Seas. 



The molluscH of the British seas are numerous and abun- 
dant. The varied conformation of the coasts of Great Britain 
and Ireland, and of the sea-bed surrounding these islands, 
ia peculiarly favourable for the nourishment of a multiplicity 
of kinds of these animals. The cliniatal conditions of our 
area are such as to encourage the presence and perpetua- 
tion of both northei-n and southern temperate types, and the 
ii^uence of very ditferent ancient conditions is manifested 
by the presence among them of not a few shell-fish of boreal 

• BJatory of the JlaHaiiaD Islands, by JmiioaJniliwJi- JcrvcF, I tlm. 1^43. 
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or arctic origin. Onr molluaca are, when taken collectively' 
iiot reniarkaibic for brilliancy of painting, magnitade of di- 
mensions, or singularity of contour; altbough, in all these 
respects, we can boast of striking exceptions, and among our 
minute species can shew many of exquisite elegance and 
curious sculpture. By far the larger part of our marine 
Riollnsks are tiny species. Our nudibranchcs are, however, 
distinguished for the beauty of their colouring, and even 
among the despised ascidians there are some whose coata 
are tinged with the brightest or else the most delicate hues. 
The cuttle-fishes that live around us, are too excursive and 
oceanic in their habits to be claimed as exclusively, or even 
chiefly, our own. Those that frequent our sea bed, are mostly 
animals of considerable sine for mollusca, and certainly 
among the most astonishing and beautiful of the inhabitants 
of the sea. They are, however, seldom seen by the casual 
observer, whose knowledge of our moUuscan treasures ia 
mainly derived from sorry specimens of shells cast upon the 
sea-beach by the waves. 

The land-shells of the British Islands are still less striking 
than the testacea of the surrounding seas. Their hues are 
dull when compared with those of more southern countries, 
and their shapes but seldom attractive for eccentricity of 
outline or ornament. They exhibit but fev/ peculiarities, 
and reckon among their number but few rarities. This is 
not the case with our marine species, among which are nu- 
merous sorts that have either not been noticed elsewhere, or 
are rarely to be met with, and which, even when of piglny 
dimensions, are among the most prized gems of a good con. 
chological cabinet. In the grand system of nature, size is 
of small account, and elephants and mites, however different 
in bigness, reckon of equal value as links in the chain of or- 
ganioation. God's works are never left unfinished. None ia 
too minute fur the display of infinite perfection. The micro- 
scope has exhibited t^ our wondering eyes beauties of atJ^uc- 
tnre that have been concealed from mortal sight tor long 
ages. It would almost seem as if only glimpses of those ex- 
cilleneies of yveation are permitted to man to behold, whilst 
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tlie full contemplation of such wondrous cliurma ia reserved 
lor immortal and invisible admirei-a. 

Although, in consequence of the great number of niu|lusks 
that are common to all parts of the British seas, providtid we 
compare localities where conditions of sea-bottom and depth 
are similar, it might seem that there is little evidence of 
a peculiar distribution within the limits of our area, if we 
regard its shell-fish either in mass, or analyse the relations 
of the several species to foreign and surrounding regions, 
we shall find very .distinct manifestations of peculiarities 
within the boundaries of our own. Were a conchologist de- 
sirous of accumulating personally and rapidly a complete 
collection of British shells, he would fail in his object if he 
confined bis researches to any one locality, even tliough it 
embraced a considei'able reach of coast and variety of sea- 
bottom. Four districts, at least, would have to be visited. 
To the Channel Islands he would have to go for several forms 
that are almost extra British, On the south-west coasts 
of England he would find a few shells that he would seek 
for in vain in more northern or eastern seas. Only on the 
west coasts of Scotland, many species of great interest and 
peculiarity could be readily obtained. In the extreme pro- 
vince of the Zetland Isles he would gather some of our most 
remarkable rarities ; and possibly, after all, he would have 
to visit as much of tlie northern half of the German Ocean 
aa may be claimed for our natural history province, and the 
west coasts of Ireland, before liis cabinets could be fairly 
filled. 

In reality, our molltiscan fauna is a composite assemblage, 
in which immigiants from the north and from the south inter- 
mingle with the aboriginal inhabitants, and descendants of a 
pre-adamite fauna survive amongst them. Those forms that 
have travelled northwards, and those that have journeyed 
southwards, have not all made their way with equal speed. 
Consequently, as we proceed either way, we find o number of 
Bpecies gradually disappear, and difPi^rences Instituted, both 
positive by the presence of peculiar types, and negative by 
the absence of others, that serve to mark a sub-division of 
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pro vinc^a within our area. Even among many uf the « 
that are widely and almost universally spread tliroughout oup?' 
seas, we find the frequency of their occurrence diminishing 
oneway or other according to their origin As a genei-al 
rule, the northern influence prevails over the southern in the 
British fauna, and gives greater peculiarities to tie zoology 
of the Scottish than to that of the Eiighsh seas. The cen- 
tral portion of our area, the Irish Sea, is a sort of ueutn4^ 
ground, from which several forma are absent that are to I 
found both to the south and to the north of it. But i 
types, mostly of southern origin, can be traced in the course 
of their migration along the Atlantic coasts of Ireland, where 
their progress northwards has been favoured by the genial 
influence of warm currents. The most unproductive distriot 
is the southern half of the eastern coast. — (Forbes ant 
Hartley's History of the British Mollwca. IiLtrodaciio 
p. xiv.) 



cen- 

.uc^ 
arse 
liere 
nial 
itrii^H 

1 



An Account of the Fish River liuslt, l<outh Africa ; with a 
Description of the Quadrupeds tlutt in/iabil it. By Mr 
W. Black, Staff Assistant- Surgeon, Communicated hy. 
the Author. ^M 

The Great Fish River Bush would be better understood !M 
denominated Jungle, according to Indian nomenclature, the 
meaning of which is well appreciated, from the numerous 
descriptions we possess of that country. The word Bush is, 
aa it were, conventional only in this colony; and what is 
generally taken as its meaning at home is inapplicable hero. 
A sheep refers to a single member of the sheep, so a bush sig- 
nifies a part of the Bush. The extent of the colonial Bush can- 
not be estimated by any conception of one who is a stranger 
to its features. A small clump of bush gives one no crite- 
rion to judge of its interminable extent, just as tinity can give 
almost no conception of infinity. A distinguished military 
officer, at the commencement of the '35 war, even on his ar-^ 
rival at Graham's Town, could not understand the meaning o 
the repfii-t, fhat " the Caffres wore in the Fish River BusH'^ 
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and espressed himself in very strong terms of disbelifef th&t' 
a nation of savages gould be concealed in it so as to defy 
obaerration, and render themselves nearly impregnable In 
it, It was only on viewing the expansive scene presented 
of the Bush country from Driver's Hill on the road to 
Fort Peddie, that he began to have some idea of the diffi- 
culties attendant on a warfare with a people possessing such 
a natural fastness. He at first exclaimed, when he was told, 
that was the Bush he disbelieved in, " It cannot be ; what, 
all that greenish covering of the hills and valleys, bush ! no, it 
ranst be only grass." Such was the deception given of its 
nature by distance. Conviction to the full extent, however, 
overcame him on descending into the Fish River Valley ; and 
OQ traversing for miles through its tangled thickets, his 
idea of the obstacles ho had to contend with in the war un- 
derwent, of course, considerable modification. 

The Great Fish Sivcr Bush begins principally about Junc- 
tion Drift, where the Little Fish River enters, and covers 
the yalley thence to the sea. It traverses all the luimerous 
tributary valleys that pass into the Great Valley, ns those 
ofthe Botha's River, Kowie, Ecca River, and Blaauwe Kran's 
iRiret", Slieshago, Clusie, and Kap Rivers,, to a certain distance 
up the course of the Koonap river, and a considerable way up 
the K at River, nearly as far as Howse's Post. To the south- 
west, it may be said to cover a large triangle of country- 
formed by the Fish River, north and east, and the course of 
the Kap River, along the summit of Governor's Kop, Botha's 
Hills, and the Fish River Berg on the south-west. The Kat 
River Bush is connected with the Great Fish River Buah, lying 
south of Graham's Town, which last covers the passage of Caffre 
commandos into Lower Albanyand Oliphant's Hoeek. About 
Junction Drift it becomes connected with the Bushman's River 
Bush and the fastnesses of the Zuureberg, across the Com- 
madaga — another covered way for Caffresinto the Uitenhage 
dlBtript- Both these routes have been much used by Caffres 
this war, and act the part of coi'ered ways and sally-ports 
fi;om the citadel of the Great Fish River Bush. By various 
large kloofs east between Trumpeter's and Victoria Post, as 
Foonah's and Dnda's Kloofs, it beuomes connected with the 
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Keisb&mma Bush, of simitar character, extending from Kaiaa'a- 
Station to the mouth of that river, and these connections 

establish tlie covered transit for Caffres from Caffraria into 
the great rendezvous of the Fish River Bush. This Bush, last 
war, was the s<r«Hfl of the capture of a train of forty govern- 
ment vFHggons on the Trumpeter's Hill road; and this war, 
it lodged two large camps of Caffres and rebel Hottentots, se- 
veral thousands strong, in the bushy kloofs east of the rivei*, 
in the neighbourhood of Committee's Drift, from whence 
issued frequent numerous commandos to devastate the co- ■ 
lony. The attack and dispersion of these in August and 
September 1851, occasioned protracted operations, harassing 
work, and great loss of life amongst the troops. The Ecca 
Bush was the scene of the exploits of the notorious rebel 
Hottentot, Jan Pockbaaa, who waylaid and murdered many 
of our men, and plundered several waggons. The Koona]) 
Hill road through the Bush, near the Koonap Post, has also 
witnessed roadside robbery and slaughter, and, June last, 
the capture and plunder of a train of ammunition waggons, 
with other military stores, and the loss of a considerable 
number of the escort of Royal Sappers. Various affairs in 
the neighbourhood of Fort Brown, which is in the centre of 
a large busby country, also attest the advantage taken ol | 
this cover by the enemy. 1 

The course of the Fish River, after leaving Somerset, is 
one of the most tortuous in the whole colony, and doubles 
upon itself so frequently, as to completely puzzle a stranger 
to estimate its true course at first sight. The bends it take6 
amongst the hills may be, some of them, four miles at right 
angles to the course ; and if following the stream, increasing 
its length by about ten miles. The river runs in a vast 
valley, bounded by grass-covered bills, which are in nume- 
rous places from twelve to sixteen miles or more apart, and 
it is this entire valley that is covered with bush. The 
boundaries of that part running due east, are the Fish River, 
Berg and Botha's Hill on the south, and the Fish River Rand 
or Caffre Berg on the north; Those of the valley running 
soiitiierly are formed more by its profundity than by thB' 
rise of the noigbbouriiig country. The Bu.sh oonntry above . 
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the Kat River junction is liabitablc for sheep-tariners, during 
peace time, but totally abandoned from its untenablenees 
during the war. That part below has seldom been oeeiipied 
at all, except by the military posts here and there. The 
Fish Kiver Valley in ordinary seasons is almost entirely des- 
titute of any water, except what the river itself contains, so 
that the soil is universally very dry, and in consequence 
almost totally unfit for agricultural pui-poses. Iii fact no 
good soil of any depth exists, except in the flats along the 
margin of the river, and that is of a sandy, reddish clay. 
The rest of the ground is of a stony, aandy character, the 
surface -stratum in large areas composed of a dark, loose, 
broken-up clayey slate, under which lies the substratum of 
hard qaartzose sandstone, which forms in horizontal layers 
the perpendicular faces of the krantzes. Some undulating 
parts of the valley have ground of loose sandstone rock, with 
clay, and are of a yellowish colour in appearance. 

Some few small tributary streams have their channels 
through the valley to the river, rising in the neighbouring 
high country ; but the water, though running only a few miles 
from its sources, soon loses itself by evaporation, or sinking 
ere it traverses the confines of the great valley, or else 
begins to stagnate in pools which, in dry seasons, contain 
brackish water. Such is the case with the Botha's River, 
the Kingo, and nearly all the others. These streams, how- 
ever, in a very rainy season, become torrents, and rush with 
impetuous velocity over their stony bottoms, coloured white 
with mud and debris ; but this surface-water soon expends 
itself, the fountains not being strong. The Fish River itself 
is often stagnant, and sometimes stinking with animal refuse 
and vegetable remains, in long dry seasons, especially about 
March or October. The heavy rains in the upper country, 
usually falling about April and December, bring down enor- 
mous volumes of water, coloured with the red clay washed 
from its banks, and as thick nearly as mud itself, so that 
horses and cattle will scarcely drink it. Its rise on 
these yeai-ly occasions aniouHts to from 15 to yO feet, in 
imrtJoular places flooding over its deep clayey banks, and 
coiTying down a great quantity of buah and dead timber torn 
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away from its banks. On such oL-caaions the «ea'at'itt 
month is tinged and dirtied reddish foi- miles o«t arid on- 
each Bide along the coast, and the floated debris is deposited 
in banlis along the contiguous beach. The rise of the rrver 
often takes place suddenly in a volume of water, which pTe- 
fionts an elevation above the level in front : and persons dis- 
appointed of a passage across some drift now flooded, may 
by hard riding overtake the stream, and cross at adriftlov^er 
down. These <lrifts or fords are the intervening shallow 
places in the deep bed of the river, formed by banks or roi^fl 
between the several pools into which the stream is divided, 
when at a low standard, and are used by the farmers and 
cattle to pass from one part of the country to another. 
Passages across can be made at these spots, even when the 
river is up to the saddle-flaps, as the bed of the river is there 
known and safe. No roads lead to these drifts, which are 
only known to frequenters of the country ; in the path lead- 
ing through the bush to the brink of the river, the bush is so 
high that in many places one may ride under the branches, bat 
more frequently the rider must dismount and lead his horse 
through. In wet seasons vleys or ponds of water may be' 
fonnd here and there in the flatter parts of the valley, or on 
the level gi-onnd on the summit of the eminences, but these 
soon become dried up in the course of a long drought. Dup»-' 
ing these dry seasons the fi<tme of the larger kind repair to 
the banks of the river for water, and its margins are every-' 
where imprinted with the spoor of numbers of animals of 
various descriptions, as bucks, wild pigs, koodoos, aanlvarks, 
Sse. ; and here the sportsman may, by patiently waiting in 
the evenings and mornings, have a chance of surprising and 
shooting some of these game, taking his station among the 
bushes on the opposite side of the river to where he observed 
the recent footprints It is a circumstjvnce of astonishment 
that such vast areas of land should support such quantiUes' 
of bnsh without any visible signs of running water anywhere,' 
which one would also imngine necessary for its numeWUS' 
animate inhabitants. Deep kJoofs and shady ravines are in' 
numbers everywhere without this sonrce of vegetation and 
iByyjMion of thirst, and tvliere one would expect a conl rill tif 



I 



.-twouwf 0/ tJte Finh Jitver Btteh, South Afvi 



77 



water to be apringiag out to moisten the arid ground. Tlio 
Huceuleitt nature of some of the vegetivtion of the Bush ia 
sftid to supply this deficiency to sonie extent to its herbivorous 
frequenters. 

The valleif eounlry, when viewed from the ridge of its 
bouudaries, presents a chaos of hills, kl(ioi'!i, and krantzeH, 
with intervening patches of more level ground, and strikes 
one with something like a feeling of silent sublimity at its 
deserted repose, its sombre dark green or brownish green 
ap)>earaQce, according to the season, its interminable extent, 
and the absence of any cultivated spot uf ground, or even of 
ahoufie. Aa a part of the whole, the valley of the &?ca, look- 
ing east from a favourable height, presents a gradually di- 
verging valley entirely covered with bush, some eight or ten 
miles long by six broad, at the termination of the view, 
which is closed in by the busby bills and kloofs of the east 
side of the Fish River Valley at Committee's Drift. Fonning 
the south boundary of the valley is a range of disrupted bushy 
lulls, with intervening deep and rugged kloofs and ravines, 
which constituted the retreat of Jan Pockhaas and his rebel 
banditti. The north side of tjje valley is filled up by the 
high lands about the Grass-Kop, the sides of which are 
deeply broken by dat'k kloofs and bushy ridges. In the ex- 
treme distance at the left, and situated on the bank of the 
Great Fish River, may be discerned a yellow spot, Com- 
mittee's Post, now untenanted since the last war. 

Some undefined feelings become impressed from the reflec- 
tion, that within these recesses hordes of savages have lived, 
and that underneath thefoliage,impenetrable and insensible to 
the burning rajs of a noonday sun, and unmoved by a breath 
of air, repose the If opai'd in his lair, and the poisonous snake 
in his coil, and that once stalked through it the stately ele- 
phant and the headstrong rhinoceros. One can scarcely sur- 
vey it as you would a battle-field, and point out such and 
sucb. apota as marked by hairbreadth escapes from, and con- 
fUots with, savage foes, as such events here all transpire under 
the surface of this gloomy mantle, the personification of lifc- 
l^BAi perennial repose. One cannot survey it as you would a 
mapi and point out the sd-eams, the roads, the boundaries 
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of property! and the liabitations of men ; all these, if tbey 
exist at all, are shrouJed from view by the same impene- 
trable winding-sheet, which conceals the action of the savage 
passions of uteu and brutes, as well as any signs of tb« 
former's industrial activity. Unseen by the glaring sun has 
the savage butchered the unwary farmer, or tortured his 
captive comrade to death ; unseen have his waggons been 
captured and plundered ; and daylight in vain essayed to 
discern the perhaps drunken orgies of the hon-id crew revel- 
ling in wanton destruction and cruelty. The spectator from 
a height hears the reports of fire-arms, at first sharp, and 
sees the eddies of blue vaporous smoke rising out of the 
Bush ; both are now gradually dying away, and savage yells 
and the growling hark of dogs are taking their place ; not a 
leaf moves, nor a living ereatm-e to be seen, and soon these 
signs of animate existence fail to be appreciated ; and yet 
this is all that a spectator could record of the surprise and 
slaughter of a company of British soldiers by the Cafft-es in 
the Committee's Kloofs in the iirst September of the war. 
Underneath these impassive leaves, and entangled amidst 
impenetrable thickets, the dismayed soldiers fell rapid victims 
to the savage barbarity of the Caffres, and the brutal ferocity 
of the bloodhound (not strictly so, but a large kind of Caffre 
dog). There, no friendly aid, if near, could have discerned 
the deadly struggle or the torturing deatli, and have carried 
assistance or sought revenge. The darkness of night can- 
not afford a deepei' screen for deeds of blood than the tangled 
thickets and dense foliage of the Fish Kiver Bush. As the 
soldier or frontier colonist can tell you of the vicissitudes of 
human life that have transpired in its obscurities, so tlte 
huntei- can relate his incidents of sport carried on in its re- 
cesses. He can call up to mind the herds of elephants that 
once quietly browsed amidst the thickets in yonder valley ; 
can shew you the paths they had formed by their ponderous 
power, which led from the heights to the cool vley or pool of 
water in the still bed of the stream ; can recal to you the 
huge bulk iif tJie rhinoceros or sea-cow, reposing in listless- 
iiess in the heat of the day on the shady side of the kloof, 
■ " —'int out to you the path he took, and his heavy foot- 
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prints in the mud on the hanks of the Fish River, when be 
repaired to the stagnant water of the stream for his drink 
or bis batti, He can shew you where the oatriohes used in 
former years to pick the grass in the open glades on that 
flat spot of ground below. He can shew you the hill ranges 
in the distance, wliere the koodoo came out to graze in the 
morning, and can take you on liis track through the kloof 
and the bush to the bank of the river, where he had drunk 
in the evening. He t-an tell you of the kvantze to which he 
followed the leopard by his spoor from his sheep-kraal, 
whither the brute had carried a ewe ; and recount to you the 
desperate struggle that resulted between liia dogs and the 
despoiler, ere he fell to the stroke of the knife or the bullet 
of his roer. He can tell you of the hand-to-hand conflict 
that took place in yonder dark kloof between his comrade 
and a bush tiger, in which his friend was saved by timely as- 
sistance, but to die in a week after of his lacei-ating wounds. 
The bush covering to this part of the countiy does not add 
Tariety of scenery to the coufnsed assemblage of hills, val- 
leys, flats, and krantzes, as it covers over all inequalities of 
ground with a sameness of appearance, and makes almost 
every kloof and koppie exactly resemble each other except in 
size. Its impenetrability is so great that no person is able 
to make any way through it, except through passages made 
formerly by the gigantic elephant, wliich are well adapted for 
bridle-paths, and were the only roads existing in an early 
state of the colony. Smaller footpaths, made by the present 
denizens of its cover, as the larger bucks, &c., are also avail- 
able means of access to the interior of its recesses. The 
knowledge of these various elephant- paths forma the resource 
of the marauding Cafi^fe, by which he can effect a secure es- 
cape from the pursuit of those unacquainted with the locality 
into the far depths of the jungle, and by which he can readily 
drive the plundered colonial cattle, through an apparently 
impenetrable country, into places of concealment in the stu- 
pendous kloofs that intersect the hilly regions of the bush 
belt. Even should the pursuer be close on the heels of his 
enemy, and the guidance of the spoor should fail in such a 
dry country, no means could enable him to detect cattle eon- 
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cealed in the kloof Le looks down into except that of their 
lowing. Should he reach them, and capture them, he will 
doubtless find the plunderers miBsing, and nowhere to be 
seen ; yet the Caffres, and numerous too, may still be con- 
cealed in the same kloof, seeure from observation, while they 
are aided by the black colour of tlieir skins affording no con- 
trast to the gloom of the recesses they have taken refuge in. 
The only use of tlie more accessible parts of this impractica- 
ble country is the more open and level parts constituting line 
pasturage for sheep— the bashes affording them abundance 
of food, even should the grass fail in dry seasons, but then 
the 6avour of the mutton distinctly alters, though not by any 
means to a disagreeable taste. Whether fossil coal will ever 
be discovered in sufficiently large beds in the country as to 
make it available for general use as fuel, remains to be seen ; 
but no fear need be entertained of the failure of firewood, for 
which the majority of this bush is only serviceable, as we 
have here a living coal-field unmerged as yet hy a deluge. 
The Eush is denser and more tree-like in the kloofs, and 
opener on the more level and elevated grounds, where the 
koodoo and the buck graze, and the wild pig ploughs the 
ground for its food, as the open glades abound after rains 
with abundance of sweet grass, and other such fresh vege- 
table productions. This jungle is never seen to have grown, 
either more extended or higher, in the memory of the inha- 
bitants of this part of the country ; and no encroachments 
are made on it except when grass fires on the hills liurn away 
its borders, which remain for a long time scarred and black. 
It is composed of numerous kinds of plants, shrubs, and 
trees, mostly partaking of the thorny prickly character, en- 
tangled by their own branches, and by various creepers, and 
rendered more impassable by thick underwood. Few trees, 
however, are of such a size, or of such a kind, as to furnish 
good timber, which is chiefly procured, for the use of the 
eastern districts, from the forest kloofs of the Kat River dis- 
trict, and those of tJie Cowie forest in the Mancazuna and 
Kaja districts, but a good proportion of building timber, as 
deals, is imported from England. Stunted Eoidiorbias grow 
ndance in every direction, as well in the kloofs as 
pies andflata, and the stately giiint Candelabra Eupb 
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bia rears ita hydra-headed form above its ncighboura \o tlio 
deep hollows, or on the sides of the kloofs — the refuge for the 
huiLt<:d baboon, or t!ie perch for the far-sighted aspvogel or 
hawk. Abundance of milky juice distils from incisions in 
its trupk, or the rupture of a branch from the stem, which 
very probably would furnish India-rubber or caoutchouc if 
the proper means were taken to obtain it, and, if successful, 
the material would be in abundance. The sweet-scented jas- 
mine entwines and decorates, with numberless white Bowers, 
the different shrubs and trees, whence the wild bee gathers 
its honey. Numerous bulb-like Amaryllides and Narcissus 
shoot up their leaves, and single- stemmed crown of flowers, 
after rains in the spring, from the arid ground of the lower 
parts of the valley. The Speckboom abundantly relieves the 
monotonous evergreen colour of the buab, with its lilac clus- 
tered flowers ; and its succulent subacid gummy leaves, for- 
merly afforded the principal food for the elephant, and are 
now partaken of by the thirsty traveller with relish, and 
often cooked by the native inhabitants into a kind of stew. 
The tops and sides of the koppies and ridges are garrisoned 
by stumpy aloes, with their thin bristling head of leaves, 
often giving the appearance of a picket or party of Caft'res to 
patrols traversing the country during war time. The prickly 
Acacia covers the level lands, throwing out, when ita yellow 
clustered flowers are in bloom, a delicious fragrance. The 
Bpcar-sbaped, the scentless flowers of the Strelitzia may be 
seen shooting up amidst their dark green elongated leaves, 
enlivening with their bright colours the sombre hue of the 
sides and heads of the kloofs. The River Bush is of a dif- 
ferent nature to that covering the rest of the country, and 
marks the course of the stream distinctly to tlie spectator 
from some height overlooking the valley; it is greener and 
loftier, and completely overhangs the water in most places, 
so that one scarcely can obtain a view of the stream itself 
till after passing through to the bank of the river. Coarse 
willow trees constitute its largest bush, which is tenanted 
by numerous and various kinds of small birds, some remarks- i 
able for their shape, others for the beauty of their pluip- , 
age; some few have notes, but the majority are destitute of , 
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any. The yellow and green /jii-« may be seen disporting in 
multltndes amongst its branchGa, and entering every now 
and then into their grass-woven nests, hanging from the ex- 
treme twigs of the H aving willow, over the surface of a still 
pool of the river. Clumps of the prickly pear, with their 
leaf-like succulent branches, studded with golden yellow 
flowers, into the cups of which the pretty eufjarbichi may be 
Been dipping his slender subulate beak, grow here and there 
luxuriantly, affording rich food for the wild pigs, and giving 
the name of Vyge Kraal to a locality on the Fish River. 

The traveller through this jungle may afai- v.itness tbo 
heavy-wingedvultnresgatheringfrom different quarters of the 
sky, attracted by the carcase of an ox that has been knocked 
op and died on the road, on which some are already eagerly 
gorging themselves, having the eyes picked out, and they are 
commencing at the entrails. At another quarter in the val- 
ley, filing in circles in the air, may be seen a crowd of eager 
longsighted aspvogels, scared from the carcase of a sheep by 
the arrival of a troop of wild dogs to snatch up the excavated 
remains. From that lofty time-worn krantze overhanging the 
river, may be beard the chattering of the huge ungainly 
baboon, especially in the evenings — the noise elevating itself 
now and then in united chorus, or interrupted by discordant 
shrieks, perhaps indicating the neighbourhood of the stealthy 
tiger, or his seizure of some unlucky member of the commu- 
nity for his evening's i-epast. The saw-filing cry of the guinea- 
fowl may be heard echoing from the bushy krantze near the 
river in the evenings, when the flock are collecting to roost. 
The crowing concert of the black pheasants arises from the 
bushy thickets along the Fish River here and there, as each 
covey welcomes the rising sun, and the steaming dew. Tha 
pretty notes of the michi and diedrick further enliven the 
growing day, and the hoopoe's voice, and the cooing of the 
ringdove, may be distinguished from the depths of some 
kloof or river thicket. That white smoky line advancing 
along the undulations of the bush-covered valley like the 
progi'cssing margin of a grass fire, is a squadron of winged 
locust sin line, the hindmost of which are constantly flying 
over their comrades ahead, to take up the unconsumed vege- 
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tation, while they leave behind them a desert. On nearer 
inspection, the bushes are seen completely covered by their 
brownish grey bodies, heaps of which may be knocked oif 
lite snow-wreaths by the stroke of a stick, while your horse 
may be seen with avidity cleariug another bush of its devas- 
tators. The still moonlight nights bring one familiar with 
the lively scream of flocks of the white and blfiek plumaged 
plover, and the softer and more prolonged note of the dickop, 
which seem to emerge from their daylight concealment, and 
enjoy the security of searching for their food by night. The 
prowling wolf notifies its proximity to the sheep-kraal in 
rainy dark nights, by its lengthened hollow howl awakening 
the dogs, wliich answer with their freqiient hark. In the 
season nearly every night, either on the road or at home, the 
jackals may he heard raising a concert of shrill cries, in 
answer to each other in the distant bush. Fire makes no deep 
impression on the everlasting verdure of the bush ; and if a 
grass fire stretches to its margin, it merely consumes the 
little at its edge that is of a more open character, but never 
penetrates info the recesses of a kloof. In every respect 
there seema the character of eternity implanted on it. No one 
knows how, or where, or when, it began to grow ; no one has 
witnessed its increase in any way, no one its decay ; no fall of 
theleaf takes place to any appreciable extent, the foliage only 
nndergoing in the winter season a brownish shade of colour. 
Inconsumable by fire, waveless by the wind, unharmed by 
the torrents, unchangeable in every vicissitude of season, 
having neither youtii nor age imprinted on it, it partakes 
more of the character of a stratum of the surface of the 
earth than anything proper to organic life. 
(To he continued in our next.') 
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Singular Ir rides cent Phenomenon seen on Windermere Lake, 
October 24, 1851. By J. F. Miller, Esq. Communicated 
by the Author. 
On the 24th inst, (October) a very remarkable irridescent 

appearance was seen on Windermere Lake by a gentleman, 



S4 Sinyular Irrideecenl Phenomenon. ■ 

(J. C. Mounsey, Sunderland) from whose written deaci'iption 1 
I have gathered the following particulars : — I 

" The morning was very misty, and the barometer high 1 
(30-35 Whitehaven) ; between 10 and 11 A.M., the mist I 
cleared off, the sky became cloudless, and the air calm, the I 
Lake being of a glassy smoothness. At ll"" we went on the I 
lidte, and, in about half an hour I observed brilliant prismatic 1 
colours on the water near tlie shore, say half a mile or more .1 
distant, hut no appearance of a bow, I rowed towards the J 
spot, and, in doing so, the colours increased id extent and I 
brilliancy. I 

" There were two bows, which resembled ordinary rain- 1 
bows inverted ; both were exceedingly brilliant at the extre- I 
mities, and became gradually fainter as they receded from -J 
the shore. I 

" The outer bow came completely down to the boat, which 1 
Bppe,ired to prevent our seeing the crown of the arch ; its 1 
extremities also proceeded from the shore, and its centre was I 
apparently under the feet of the spectator. In both bows, I 
the red was on the outside and the violet on the inside, and, I 
in both, the light and colours were most brilliant and distinct 1 
at the extremities, or points of conveyance at the water's I 
edge, 1 am certain there was no rainbow in the sky at the 1 
time, neither was there any solar halo or any other pheno- I 
menon in the air that I observed, of which this could be the I 
reflection. I observed that, wherever the prismatic pheno- I 
menon shewed itself, there was a sort of scum on the water, I 
as though there was some fine dust or bubbles on the surface. 1 
I put my finger into the water, and found it so dirty as to I 
leave a distinct mark behind, which leads me to think that I 
what I at first took to be small bubbles must have been some M 
sort of dust. Whatever it was, it appeared to me to be tbe -fl 
cause of the irridescence, as, wherever it was lost, the bowB V 
disappeared. m 

" The bows were visible about an hour, and, in looking at 1 
them, the sun was, of course, directly behind the spectator. 'I 

" The boatmen say, they have sometimes (though very I 
rarely) seen a similar phenomenon after the disappearance m 
of a mist from the surface of the water." At Whitehaven, I 
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the eky was also cloudless, but in the eveiimg the air was 
misty. 

Dr Davy conBiders that the carbonaceous deposit or soot- 
like film occasionally observed on the lakes of Westmore- 
land, is really of the nature of soot, derived from the adjoiu- 
ing manufacturing districts, wafted thither by the wind, and 
falling with the mist or light rain. The film burns in the 
same manner aa soot, sinks when wet in water, impai'ts a 
brownish hue to transmitted light, and, under the microscope, 
appears to he composed of particles more oi" less irregular in 
form, varying in size from ib'c nth to yoVa^^' ^^f ^^ inch, Dr 
D. further thinks that the precipitation is an ordinary rather 
than an uncommon occurrence here, as is sheivn by the dis- 
coloration nf the sheep of the country, especially after ex- 
posure of many months on the higher fells. Seen on the 
mountain pastures, or, when driven into the lower meadows 
in the early spring, their coats are of so dark a hue, as to 
resemble closely those of tlieir fellows fed in the most smoky 
precincts of our great towns ; and, on examination, the 
colouring matter staining the fleece is found to he simitar to 
that of the black film of the lakes and tarns, and, in brief, it 
ia essentially aoot.* 

J. F. Miller. 

ObBEBYATOUT, WHITEIliVEN-, 

April 1S63. 
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(Continued from page 323 of vol. liv.> 

Although with regard to the majority of minerals and rocks 
which present a porpbyritic structure, the inference to be 
drawn from the be fore- mentioned facts is, that the formation 
of the imbedded substances has been subsequentto that of the 
entire mass, and probably even to the perfect solidification of 
tJie matrices, it is undoubtedly necessary to take a different 
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view of the origin of conglomerates generally, and likewise 
of some poi'phyritic masses. 

The formation of ico upon ploughed land, and at the bet- ^ 
toms of rivers, appears to furnish a very instructive illustra^ 
tion of the mode in which conglomerates are produced. 
When after long- con tinned rain a frost sets in, ice is rapidly 
formed between the lumps of earth which are thos gradually 
separated from each othei". The formation of ground ice in 
rivers commences in a similar manner between the pebbles, 
and in both cases a kind of conglomerate is produced in 
which the cementing substance is ice. At the present time 
a conglomerate is gradually forming in the bed of the 
Neckar in a precisely analogous manner. The water of this 
river contains carbonates of magnesia and lime in solution, 
and these substances are deposited in the form of dolomite 
between the pebbles, separating them from each other, and 
cementing them together. 

Immediately above the brown coal at Klein Augesd, near 
Teflitz, there is a bed of quartz pebbles cemented togethei 
by u'On pyrites. There can be no doubt that this bi 
more recent than the underlying coal, and that the iron 
pyrites ia more recent than the ovei-lying bed of clay. The 
pyrites has here been formed by the reducing action of the | 
coal upon ferruginous solutions filtering through the clay, 
and being deposited between the quartz pebbles, has gradu- 
ally pushed them apart, and cemented the whole into one J 
mass. 

In the neigbbom-hood of Freiberg, a sandstone is now be- 
ing formed from the sandy refuse of the ore washing. This ' 
refuse contains iron pyrites, and the oxide of iron resulting I 
from its decomposition cements together the siliceous par- 
ticles in such a way that hand specimens of the mass cannot 
be distinguished from an ordinary ferruginous sandstone. 

lu the alluvium of Meronifz (Bohemia), iron pyrites has 
been deposited between fragments of pyrope, forming a con- 
glomerate on a small scale. The cementing matter of the 
pyrope is sometimes green opal, and more rarely gypsum. 
■Iging from the phenomena of imbedded nodules, it ap- 
9,9 Fournet has very justly remarked, that many atra- , 
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Ufied rocks cannot always have posscaaed the same stats of 
cohesion and density which they now present. Where the 
geognostic characters of rocks put their sedimentary origin 
beyond all question, it must not be supposed that their for- 
mation consisted solely in mere mechanical deposition ; on 
the contrary, it aeemR that in such cases chemical action has 
not commenced until this has ceased. If, then, this is true 
of the secondary and tertiary rocks, it is still more probable 
with regard to those of more ancient date, which, there is 
good reason to suppose, remained for long periods in a 
softened condition. 

The conglomerates occurring in lodes, although not essen- 
tially different, have been produced under somewhat modified 
conditions. In this case, it is generally fragments of the ad- 
joining rock which are imbedded in one or more crystallised 
minerals. In the lodes near Freiberg, fragments of mica- 
slate are found entirely imbedded in crystalline quartz, and 
large masses of gneiss, perfectly detached from the adjoin- 
iDg rock, are found, especially near the roofs, covered with 
the various minerals composing the lode, and arranged in 
the same order as at the true saalbands. In the lodes of 
Schlottwitz, near Dresden, which have suffered repeated dis- 
locations, very shai-p-edged fragments of band agate are 
cemented together, and as it were imbedded in amethyst. 
The lodes of red hasmatite in the upper Erzgebirge have suf- 
fered similar dislocations, and fragments of this mineral are 
now found imbedded in quartz. 

In all these instances, it appears obvious that the imbed- 
ded substances are older than the matrices, and it is proba- 
ble that tlie same view must be adopted with regard to that 
class of agates which are surrounded by a crust of porphyry 
sometimes of essentially different character to the mass in 
which they are imbedded. These porphyry -agate balls were 
perhaps originally adventitious fragments of another rock. 
Hot aqueous vapour or other gases may have removed some 
of their constituents, and left the sihca in a hydrated opaline 
state. There are some facts which greatly favour the opi- 
nion that quartz has been formed by the contraction and 
dehydration of opal. For example, in the lodes at Johann- 
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georgeDstadt (Saxony), small masses of tvliite opal occur im- 
bedded in homstone, close to somewhat larger qaartz druses 
in the same homstone. These quartz dnises are perfectly 
closed, and sometimes coTered with an exterior crust of opal, 
and, whea broken, are found to contain water. It is there- 
fore highly probable that these agates, which differ widely 
from those formed by infiltration, have been formed by the 
contraction of opal. 

The occurrence in eraptive rocta of imbedded masses, 
undouDtedly adrentitions, and whose original condition 
may in some instances be recognised, is very frequent. 
The so-called basalt jasper consists of fragments of some 
foreign rocfc. The sandstone of the " Blauen Kuppe" (Hesae 
Cassel) is more or less altered at its contact ^vith basalt 
approximating in character to basalt jasper. Tlie basalt jas- 
per of Johanngeorgenstadt, and that near Eisenach, are more 
homogeneons, but streaks resembling those of the gneiss from 
which they have originated are still perceptible. At Hohen 
Borkenstein (Bav.aria), the fragments of basalt jasper eon- 
tain crystals of felsite which communicate to it a porpbyritic 
appearance. It is, however, very probable that the altera- 
tion of rocks, consisting chiefly of silica and alumina, into 
basalt jasper, has not been caused by volcanic heat alone, 
but perhaps more essentially by the introduction of sub- 
stancs from the basalt. 

These facts will sufficiently shew, that with regard to the 
phenomena of adventitious admixtures no definite mode of 
association can be recognised, it being entirely a matter of 
chance that an eruptive rock tears away and encloses frag- 
ments of those through which it penetrates, nor have these 
phenomena any further connection with the present subject, 
than as serving to prove that the substances imbedded in 
mixed rocks or simple minerals may be of very different 
origin, and that any exterior resemblance, especially of 
form, is insufficient by itself to justify the inference of a 
similar mode of formation. Thus, the nodules of olivine and 
baitalt jasper occurring in basalt, and alike both in shape and 
size, have certainly originated by very different processes, 

In some rare instances the mah-ix of a porpbyritic rock 
would appear to be tlie most recent. Both Darwin andCredn.er 
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mention the occnrrenee of broken felaite crystals in granite, 
and Ntiggeratli has observed them ic trachyte. In a lava at 
Etna, crystals of pyroxene have been found collected together 
at the under surface, as if they had sunk. However, it is 
probable that these facts will not admit of any other infer- 
ence than that there was some interval between the soldifica- 
tion of the matrix and that of the imbedded substances. On 
the other hand, there are mi.xtures of minerals presenting a 
porphyritic appearance, of which the matrix is undoubtedly of 
much later date than the minerals it contains. Quartz very 
frequently contains tourmaline, sometiniea in crystals, though 
never perfect ones. The terminal planes at one end of the 
crystal may be perfectj but the other end is always broken. 
It is most frequently found in fragments, sometimes even 
curved and eraeked, and the quartz is found to adhere more 
strongly to the electro -negative pole of the fragments. "When 
there ia a preponderance of tourmaline in this mixture, it is 
called tourmaline rock or schorl. It often contains cassite- 
rite very finely disseminated throughout its mass ; and, be- 
aida other localities, it occurs in Cornwall. In this mixture, 
the quartz must be the more recently formed, for whenever 
definite crystals of quartz and tourmaline are associated in 
druses, the quartz is always implanted upon the tourmaline. 
It is therefore extremely probable that this rock was formed 
by a deposition of silica in an opaline condition around 
tourmaline crystals, and that on its subsequent conversion 
into quartz, the cr}'stals were broken by the contraction of 
the siliceous mass. 

Fragments of some species of epidote occur imbedded in 
quartz in a precisely similar manner. The contortions and 
fractures of these fragments are sometimes very marked, as 
in the magnesian epidote of St Marcel, the zoiaite of the 
Tyrol and Carinthia, &c. It is further probable that the 
so-called epidote rock is precisely analogous in point of for- 
mation to the above-mentioned tourmaline rock, Quartz, 
when associated with epidote in crystals, is always implant- 
ed upon it. The epidote and quartz veins in the diorite of 
Neustadt (Saxony), of the Labyrinth Berge (Bavaria), the 
druses from Arendal (Norway), Bourg d'Oisans, Pitkarand 
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(Russian Finland), and all other localities, without any ex* 
ception, furnish evidence of the more recent formation of the 
quartz. 

The same remarks apply to beryl, fragments of it occurring 
imbedded in quartz (America and Siberia), while it appears 
of anterior formation to the quartz with which it is associated 
in druses. When definite crystals of topaz and quartz are 
associated together in druses, as in Siberia and Saxony, the 
latter always appears as the more recently-formed mineral ; 
but there is in the collection of Prince Lobkowitz a large 
crystal of quartz from Capo di Villa Rica (Brazil), contain- 
ing an imbedded fragment of topaz. 

Near Krageroe (Norway), fragments of ampbibole occur 
imbedded in a reddish white felsite, which is probably peg- 
matolite. 

Wherever wolframite and acheelspar are associated, tba 
latter must be regarded as a praduct of the decomposition of 
the former, which is always the older mineral. When they 
form twins, the wolframite is never in a perfect state at the 
points of contact. However, a large mass of scheelite from 
Schlaggenwald (Bohemia), contains imbedded fragments of 
ferro-wolframite crystals, the edges of which are somewhat 
broken. This mineral has recently been met with in a simi- 
lar manner in iron pyrites at Scbneeherg; while, in other 
places, iron pyrites appears as the more recent mineral, being 
implanted upon the wolframites. 

The following table comprises the most important instance* 
of porpbyritic structure, either in simple minerals or in 
those rocks which, like basalt clay-slate, appear to the naked 
eye to be homogeneous. Among the sedimentary rocks are 
some which, like astrite-alate, talc-slate, &c., cannot be re- 
garded as such in their present state : — 
I PoBPHYKiTic MiNEBALa whith do not opcnr as rocks : — 

Substances imbeiided. 

Calcite, . . . Mica. 

Apatite, , . Crj-ptolite. 

Chlorite, . . . Gamet, BchBelii«, 

Lepidomelan, , . Black ampbibole. 

Apatite, htLnjine, nosean, Depheline, melon- 
it«, melonite, lirkon, titanite, ilnieiutB. 



I 
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Sraidiue, 
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Labrador, . 


An aatrite, oorondum. 




Lode quartz, 


Pyrophylite, iron pyrites, and a greatnom- 
ber of the mctaUifurous minerals occur- 
ring in lodes. 




Garnet (aplonie), 


Seapolite (Areodal.) 




Garnet (rimoBOB). 


Ilmenil*. 




AgolmatoUte, . 


Diaspora. 




Iron pyrites, 


Glaesy actinolite, qnartz with a fatty 
lustre and in rounded crystals (Boden- 
mais, Bavaria), gelbnickeUdes (DiUen- 
burg, Nassau). 




Copper pjritea, , 


Aplome, iron pyrites, (esseral pyrites, 
heavy cobalt glance. 




Magnetic pyrites. 


An amphibole, iron pyrites, copper pyrites. 




Copper glaace, . 


Iron pyrites. 




n. 8l!Dn<ENTAET RoCKS :— 






Eoci salt, . 






Gypsum, , 


Rock salt, crystals of gypsum, tharandite, 
arragonile,boracile, quartz, iron pyrites, 
sulphur. 
1 Caleite, merojene, wollasfonito, couneran- 




Crystalline limestone, 




eiclusive of the primi- 


' ite, glassy actinolite, pyreneit, magnet- 






1 ite, iron pyrites, heavy cobalt glance. 




out lustre, likewise as 


^ Caleite, coccolite, quart:!, iron pyrites. 




marl, . 


Bulpbur. 




Dolomite, , 


Dolomite, treraolite, tourmaline, comndum 
(Airolo, Switzerland), iron pyrites. 




. Anhydrite, 


Rock salt, boracite, sulphur. 




ABtxite* elate, . 


Dolomite, brennerite, apatite, talc, glassy 
actinolite and other amphiboles, pista- 
cite, diopsid, garnet,beryl, several tour- 
malines, titanite, magnetite, iron py- 






rites, mispickel. 




Talc-glal«— tlie absence 
of quart I is here like- 
wise remarkaUe, 


Dolomite, breunerite, glassy actinolite, 
disthene,galenite,dichroite, andpseudo- 
morpus derived from it, as fahlunite, 
inagnetite,iron pyrites, arsenical pyrites. 




HombkiKle elate 






(quartz absent), 


■ Garnet, magnetite. 




Clay slate. 


Amphibole altered to Bubstances resem- 
bling serpentine and alusite, generally 
in the altered varieties called chiarto- 






Bold. 






in to tliB sEtrite or mica, with one optical axis, 


whicb occurs as a rocli without 


being io all cases clilorito. Ttie chlorite slate 




1> Included, Quart! ia lUuall; oltagether abeettC. 




^ 
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Serpentme is in all cssea a prodnct of tLe alteration of either ei 
or Eedimeutarj rocks. The minerals imbedded in it are ufoallf psendo- ■ 
morpbuua, ns, for instance, phustine, nhicli has ondoubtedlj origiiuted | 

from branzite. 



in. Ebcitive Rocsi 
TOTj remarkable :- 

Basalt, 



In these the absence of quartz and phengite is 



Phonolite, 

Compact felsite {the "I 
most frequent por- 
phyry), . . J 

Pitdhelone, 

Obsidian, 



ABtrite,bauyne, sanidine, oligoclose (i 
Predazzo, Tyrol), basaltic ampbibole, 
broBzite, augite, zirkon, corondom, oli- 
vine, iimenite, magnetic pyrites. 
Nepheline, sanidiue, basaltic ampbibole, 
semeline, iimenite. 
"I Astrile (rare), liebeneritc, pegmatolite, 
oligoclftse, pistacite, quartz, iron, ^/yniea, 
) golil. 
Aslrite, sanidine, quarts. 
Sanidine. 
Pyroxene (augitlc) lava AEtrite,EodBlite,Ieucite, sanidine, Labrador 
pyroxene, olivine, hyaloaiderite. 

The last two rocks, which have undoubtedly been formed 
at a Ycrj high temperature, are free ft-oin either amphiboie 
or qnartz. 

Although clay-slate was considered above as a relatively 
homugeneoua rock, it is, with the exception of that which lies 
above graywacke, undoubtedly in the greater number of in- 
stances, a very intimately mixed crystalline mass, probably 
identical in most respects with mica-slate and gneiss, and as 
such to be included among the mised rocks. 

There can be no doubt that granite is chiefly eruptive, 
both on account of its geognostic position and freqnentpene- 
tration of schistose rocks. However, the assumption that it 
has been in a state of igneous liquidity, is attended vrith 
great difficulties, although it ia true that felsite may be 
formed at a very high temperature. The temperatures at 
which tlio mineralogical constituents of granite fuse, differ 
too widely to admit of the supposition that they were formed 
from a melted mass. Again silica, when heated with basic 
silicates, readily enters into combination, forming neutral or 
acid salts ; thus the slags from iron furnaces consist of hi- or 
tri-silicates, and contain uncombined silica only when there 
is a great excess in proportion to the bases. The slags of 
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the Freiberg furnaces, formed at a much lower temperature, 
conaist only of neutral and basic silicates, oi", if there is a 
large quantity of silica, of bisilicatea. It is further remark- 
able that quartz is never met with in rocks which have un- 
doubtedly been formed by igneous fuaion. However, the 
mica in granite is not only fusible at a comparatively low 
temperature, but is likewise in moat cases a neutral silicate. 

While, then, there is little difllculty in regarding rocks, 
consisting solely of silicates, as products of melted masses, 
the ease is vei-y different with rocks containing both quartz 
and neutral silicates. Some kind of hydrated pasty condition 
is perhaps more easily conceivable with regard to them, and 
at the same time their geogaostic relations and transition 
into gneiss, mica-slate, &c., must not be overlooked. Granite 
is most frequently found to penetrate these rocks. More 
rarely it forms beds conformable with mica-slate; and al- 
though these are declared to be the result of injection, there 
is sometimes difficulty in perceiving from whence the granite 
has been derived,— as, for instance, between Penig and Wol- 
kenburg (Saxony), where there is no granite in the immediate 
vicinity of the mica-slate. Further, lavas and basalt contain 
no quartz, and the felsites met with in them are seldom or 
ever of the same species as in granite. Pcgmatolite has 
never been found in basalt phonoUte or lava, nor sanidine or 
ryacolite in gneiss. 

It must likewise be remembered, that it still remains pro- 
blematical whether the rocks possessing a schistose structure 
are to be considered as the most ancient. There is, indeed, 
some considerable probability that they are not of sedimen- 
tary origin, for it may be supposed they were formed by the 
solidification and scaling of the primitive liquid or pasty mass 
of the earth at the surface, and that granite was formed more 
slowly in the less agitated layers at a greater depth. Du- 
rocher, however, says that it is in Scandinavia that we might 
expect to find among the rocks of the greatest antiquity the 
true primitive granite, which perhaps formed the original 
solid surface of our planet. But gneiss is nowhere found 
resting upon granite which we can venture to regard as more 
ajicient than itself. 
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The rocka iu contact with granite are not in all cases dis- 
turbed or penetrated by it. There can be no doubt that the 
perfectly undisturbed strata surrounding the granitic mass at 
Aue, near Schneeberg, were formerly continuous. Their 
place, however, is now occupied by granite. The fact, that 
at the surfaces of contact of these strata with the granite, 
there is a great preponderance of quartz crystals, those seated 
upon the slate being remarkably large, and projecting into 
the granite, as from the saalbands of a lodes, is a sufBcient 
proof that this change consisted, not in any actual fusion of 
the rock, but merely in a softening which permitted a new che- 
mical adjustment of the elements. It is not at all improbable 
that the primitive mass from which this group of rocks wa« 
formed was still liquid at some depth, and that when, from 
some cause, the gneiss was again softened or rendered pasty, 
it assumed, upon after solidification, the form, not of gneiss, 
but of granite; for, during this second solidification, at a 
depth below the surface, the mass would have been beyond 
the influence of those disturbing causes which have already 
been alluded to as probably inducing the stratification of 
gnoiss. 

All the members of this group probably resemble each 
other as much in regard to the temperatures at which they 
were formed as they do in date. From the analogy, in all 
essential points, between granite and granulite, granite and 
gneiss, granite and raiea-slato, there is no ground for assum- 
ing that one was of igneous and another of aqueous origin. 

The differences presented by the individual rocks of this 
group is but a very slight obstacle to the opinion that they 
have originated from the same primitive mass, especially when 
it is remembered how greatly the petrographie character of 
granite or gneiss varies, even in the same mass ; that the oe-^ 
currence of certain accessory constituents is confined to par-'J 
ticular spots ; and that they all pass into each other accord-* 
ing to the presence or absence of one or other of these con- 
stituents. 

The views entertained with regard to the sedimentary 
members of the group of crystalline rocks are very different, 
and even opposite. That which regards them as altered me- 
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tamorphic rocks, has recently gained ground, although with- 
out being in itself very definite ; for, while some geologiata 
assume that erupted rocks originated from the agglutination, 
and even fusion, of sedimentary deposits, others consider that 
ernpted masses have eflfected the metamorphism of sedimen- 
tary rocks. Taking into consideration the contact phenomena 
BO abundantly made known by Murchison, the latter appears 
to be most probable ; hut it is not applicable to all kinds of 
gneiss, mica, and clay-slates, which are so frequently in con- 
tact with granite, syenite, ifec. ; and in those cases are 
most probably primitive, as their raiiieralogical analogy with 
those rocks is very close. 

The accessory constituents occurring in the principal rocks 
of this group are the following : — 

Rocks. Accessory Constituents. 

Gneiss, , Oligoclase, distlieDe, garnet, taurmaline, dlchroite 

(only in certain conditions, such as contact 
with granite), rutile, allanite. 
Mica-slate, . Chlorite (aseaciated with the usual inixture of 

quartz ajid phengite,* forming a quite pecu- 
liar kind of mica-slato (between Falkenan and 
Schellenherg, Erzgebirge), amphibole, dis- 
thene, garnet, tourmaline, and alnsite (it is re- 
markable that this mineral is almost always ac- 
companied by fibriulite), ataurotide, magnetite, 
allanite, iron pyrites, gadolinite, gold, graphite. 

According to Duroeher, the occurrence of many crystallized 
minerals imbedded in the gneiss and mica-slate of the Scan- 
dinavian peninsula is limited to the granite and amphibole 
dikes penetrating these rocks. The principal minerals con- 
tained in these rocks, and apparently connected with the 
phenomena of metamorphism, are amphiboles, pyroxenes, 
garnets, epidotes, disthene, dichroite, tourmaline, beryl, topaz, 
apatite, titanite, rutile, and graphite. He excludes gado- 
linite and orthite, which are undoubtedly quite independent 
of gneiss, and occur only in coarse-grained granite dikes. 



Granite, 



Apatite, monozite, astiite, nepheline, petalito, 
pegmatolite (in crystals), aniazonite, oligo- 



bofind astrlteand phengite associated in 
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close* (perfiapa always aecomiianied by peg- 
matoUte, and BUrrotmding it in n wi«athli]ie 
manner), tetartiiie, labrador, spodamene, epi- 
dote, distliene, garnet, zirkun, berjl, tourmB' 
line, fopaz, chrjgoberyl, titanite (when thia 
mineral occnrs, the granite is always very 
poor in mica), pjroohlor, magnetite, caBsiterite, 
ilraenite, apesBartite, apecnlar iron, ijtteroil- 
roenite, menfrite, columbite, tantalite (always 
occompaTiied by the prior formed beryl), ffischy- 
nite, ortbite, gadiilinite, euKenite, bon pyrites, 
grai)hiie. 

The occurrence of mol^bdanum glance has also been re- 
corded, although it probably occurs only in fissures. No kind 
of rock presents such an abundance of accessory minerals aa 
granite. Some which, like corundum, arsenical pyrites, gold, 
&e., are questionable, have not been enumerated. 

Syenite. — Thia rock, consisting essentially of felsite-mikro- 
line, pegmatolite or labrador, and black amphibole, has been 
frequently confounded with gabbro and hypersthene rock, 
when the amphibole was regarded as pyroxene. Syenite has 
probably been formed at a somewhat lower temperature than 
dolerite, diabase, nepheline rock, basalt, &.C., as the formation | 
of amphiboles does not require so high a temperature as the 
pyroxenes, with the exception of spodumene. Most of the \ 
accessory minerals contained in syenite occur also in granite, 
and these rocks are sometimes seen to pass into each other. 
Besides those modes of occurrence of minerals already 
spoken of, as indicating, in the greater number of instances, 
some sort of segregative formation, there are others which 
resemble them in this particular, although presenting differ- 
ent petrographic features. Among these are the masses of a \ 
muieral, or most frequently of several minerals, which may J 
be essential constituents, or accidental admixtures, of the 
rock in which they are imbedded. The outlines of these ^ 
masses are not very well defined, but they are remarkable 
for the perfect character of the minerals which compose 1 
them. Some few present a considerable resemblance in i 
particular, — the minei-al species — occurring with masses of* ' 
primitive limestone (Kalkstotkun); and, notwithstanding other 
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differences, it 13 possible that their modes of formation were 
antilogous. 

It can scarcely be doubted that these minerals have crystal- 
lised out from the mass of the rocks ; they have even formed 
druses in which a definite succession of species may be re- 
cognised. It 13 moreover probable that they were originally 
in a viscous state, and that thedrusy cavities were fanned in 
consequence of the contraction on cooling and crystallising. 

These masses of minerals are in every respect connected 
with porphyritic rocks and those nodular masses which may 
be regarded as the result of contraction. There are, how- 
ever, such masses of minerals which from their magnitude 
cannot be examined on all sides, — in Scandinavia for in- 
stance ; — and it is a question of some difficulty whether theso 
are not plutonio injections. 

In the schistose rocks, masses of crystallised minerals 
sometimes present a similarity to beds, and perhaps many of 
the deposits of minerals which are regarded as beds of small 
extent are in reality the result of a segregation of chemical 
constituents subsequent to the formation of the true strata. 
The facts which have been observed in connection with theRO 
masses of minerals, afford additional evidence in favour of the 
view already expressed, that in the formation of rocks me- 
chanical accumulation has been followed at some period by a 
chemical re-adjustment of the constituent molecules, giving 
rise to those physical and mineralogical characters which 
they now present. 

Another mode of occurrence of minerals, connected, as re- 
gards their origin, with the porphyritic structure, is pre- 
sented by the so-called divergent zones — accumulations of 
minerals which are so situated as to intersect at an acute 
angle the planes of stratification of the schistose rocks. Some 
of the most remarkable mineral deposits of Scandinavia be- 
long to this class. Their origin is obscure, but Professor 
Breitbauptis of opinion that they were formerly lodes, which, 
together with the rocks in which they are situated, have suf- 
fered metamorphism,* thereby losing their sharp lines of de- 
marcation, — the saal bands. 



' With regard to the metamorphism of rocha thar. 
VOL. LV. NO. CIS. — JULY 1853- 
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These divergent zones frequently contain tlie same i 
□erals as the above-mentioned masses and the primitive | 
limestone. In tbe divergent zonea of cobalt glance in very 
quartzy gneiss at Skutterud (Norway), a brown phengito mica | 
occurs in a very characteristic manner. It is, however, lesa 
abundant in those parts of the zone containing amphibole, \ 
which is chiefly associated with arsenical pyrites. It is not J 
an improbable conjecture that these deposits of mbalt glance 1 
were formerly lodes containing spathic iron, spies cobalt, iron | 
and arsenical pyrites, which in the general metamorphisra 
were converted into magnetite, cobalt glance, and tesseral ] 
pyrites. A number of instances prove that in metamorphic 
rocks amphibole is very abundantly associated with the more 
ferruginous minerals — a circumstance to which Durocherhas 
specially drawn attention.* 

These zones are sometimes interrupted apparently as 
though the substance of the pre-existing lodes had collected 
together in masses during the metamorphism. The deposits -j 
of magnetite in Scandinavia present these characters, and at I 
Arendal they contain phrenite and datolite minerals, which ] 
otherwise occur only in lodes and vesicular cavities. It is | 
likewise probable that the deposits of copper pyrites and 
galena in Scandinavia belong to this class, as well as deposits 
of pyrites, blende, and garnet, in the Upper Erzgebirge, the 
Banat Servia, &c., which present great analogies to those of J 
Scandinavia. 



for the opiDioQ that there ore two kinds, the one giving rise ta the prodoctioa 
of ileGnite minerals, the other cone is ting in an nlteration, more or less complete, 
of Buch minerals into subttaneea which are not etricll; Bpenklng mineral species. 
fn the former process, nlthocgh thermic agency may occupy sn important place, 
it is perhaps more sdviBahle to apply to it the term plutonic, which Bdmita of 
a wider sign ili cat iua. The latter process, in which water appears to be m prlQ> 
dpal ngeot, takes place chiefly in limestone rocks; those consisting easentfallj' 
unphibole and felsitc (clioritic), and those consisting of pyroxene and felsite 
iDBtones) producing pseudomorphoos hydrated silicales. among which, as re- 
frequency, serpeDtlne takes tbe first place; then fallow pyrallolite, pFaallte, 
italite, aspaslolite, phastine, and all the ophitic substances. Host of the 
(beitns occurring in »eiaa in serpentine and diorite, was most probably 
ilDiphibola or pyroxene. 

M SOT le mclamorphiame dea roches. Bulletin de la Sociotfi Gaol. 
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TLe samo remark applies to the beds of brown iron ore 
in the zechstone of Thuringia, which consist chiefly of altered 
spathic iron — accompanied, when this waa manganiferoua, by 
the usual varieties of wail, — tile ore. and copper pecherz, mala- 
chite and copper lazure, resulting from the alteration of 
copper pyrites, and even unaltered copper pyrites and fahlerz. 
'The only difference is, that the metamorphism in this in- 
stance would have been aqueous. If this is really the case, 
timse Thuringian deposits would correspond with the very 
frequent lode formation bearing spathic iron, heavy spar, 
copper pyrites, &c. 

The so-called primitive limestone and dolomite occurring ea 
true beds in the older rocks, are objects of particular interest 
to the geologist, and their origin has not yet been satisfac- 
torily explained. They differ from the ordinary limestones 
and dolomites, in containing imbedded in their mass silicates 
and aluminates, as for instance the Teufelstein (Saxony), in 
which even garnets and epidotes occur. But the same kind 
of white crj'Btalline limestone, sometimes passing into gra- 
nular calcite, occurs in enormous masses, generally without 
any very definite outlines, and in their general characteristics 
somewhat resembling lodes, as well as in smaller mfisses 
which differ still less from tnie lodes. They moreover pre- 
sent a remarkable abundance of imbedded minerals. Various 
opinions have been entertained as to their real nature and 
origin. Their analogy to lodes is in many instances indis- 
putable, as for example at Wiinschendorf, Lengefeld, Boden, 
Miltitz, Tharand, &c. (Saxony), at the Bergstrasse on the 
right hank of the Rhine, and the Cipollino-stock at the 
Kaiserstuhl (Baden), in the centre of a volcanic cone. This 
perhaps applies equally to the similar masses of limestone in 
Scandinavia, Finnland, the Banat, Servia, the Alps and the 
Pyrenees, as well as to the red limestone of the island Tyrie. 
It is indeed probable that the masses ejected from Vesuvius 
are derived from such a mass of limestone. Finally, the crys- 
talline limestones of North America, so rich in beautiful 
minerals, must be included in the same class. 

In these lode-like masses there ore no layers parallel to tho 
soalbands, but the entire mass isgi-anular, almost always pui-e 
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white, with the various minerals diatribnted irregalarly 
throughout. Dru»eB are sometimes met with, and in those in- 
stances definite successions of mineral apeciea nre recog- 
nisable. Sometimes relations of age may be detected in the 
groups of minerals auiTnunded Ly limestone. Upon the whole, 
however, it would appear as though the minerals had been 
formed almost Bimultaneously. 

It may be inferred from these circumstances, that the entire 
space occupied by such a mass was at once filled with a 
chaotic mixture, from which the various minerals gradually 
separated. The conjecture is thei-efore natural that the lime 
and magnesia were not erupted as carbonates, but as a caustic, 
and probably pasty mass, which, acting upon the adjoining 
siliceous rocks, gave rise to the formation of new silicates, 
aluminates, titanites, together with such other minerals as 
flnor spar, apatite, anhydrous iron ores, magnetic pyrites, 
and graphite. With regard to these masses it is impossible 
to assume that the formation of these minerals has taken 
place by a gradual infiltration of solutions. Many of the 
minerals have suffered subsequent alteration, — amphiboles, 
pyroxenes, Ac, have been converted into serpentine and 
other ophitic substances. 

Professor Breithaupt regards aa untenable the view put 
forward by Mr Dana* of the formation of these primitive 
limestones from coral beds by a metamorplilc action of hot 
sea-water. The circumstance which appears to be most 
strongly opposed to that view is, that in Eui-ope at least the 
primitive limestone occurs in rocks wliich are much older 
than the coralline limestones. In many instances, moreover, 
their eruptive origin cannot te doubted, and thJa cannot be 
reconciled with their formation from coral beds. 

Quartz occurs iu these limestones but very i-arely, a circum- 
stance wliich appears to follow naturally from the presence 
of lime and magnesia with which it was capable of conibininn^. 

Wliile the interpretation of the last two classes of pheno- 
mena presented very serious diffieultiea, those which now come 
under consideration — vesicular cavities, and the minerals tKey 
— are far more intelligible. 
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The artiticial Bubstances which most resemble rouka are un- 
doubtedly the slags of smelting furnaces and glasses. Many 
of the former are incorrectly regarded as unerystiilline, and 
those which are sub- or mono-silicates, although in large pieces 
their fracture is conchoidal, almost always possess a granular 
crystalline structure. The higher sihcatcs are generally true 
glasses. Both in the one and the other, vesicular cavities 
occur very commonly, which are considered to have beeu 
caused by tlie disengagement of gas during their formation. 

Many lavas, especially those of active volcanoes, are closely 
analogous to these slags and glasses, and are quite as vesi- 
cular as the crystalline slags of the Freiberg and other silver 
works. Obsidian, a true natural glass, is almost always 
vesicular. 

In the lavas belonging to more remote, although historic 
periods, minerals are now and then found, whose chemical 
nature does not admit of their being regarded as original 
constituents. Thus, for instance, gypsum and vivianite, 
Fe 3 Poj 8 H 0, which it caunot for a moment be doubted 
are relatively of very recent formation. Crystals of gyp- 
sum are likewise met with in the vesicles of the slags 
from the Muldner HUtteu (Freiberg). Moreover, the greater 
part of those rocks in which interesting associations of mi- 
nerals in vesicular cavities are met with, are eruptive rocks. 
It may therefore be fairly inferred that the formation of these 
cavities is owing to a disengagement of gas. Tliese vesicular 
rocks, at the same time, ahnost always possess a porphyri- 
tic structure ; but, what is still more remarkable, they are 
seldom met with In the state in which it is probable they for- 
merly existed. They are frequently disintegrated, the fracture 
generally dull, they present no distinctive mineralogical cha- 
racters, nud may have been basalt, melaphyr, trachyte, diorlte, 
or perhaps lava, dolorJte, &c. Amygdaloids likewise are very 
rarely fresh rocks. Even furnace slags are altered when not 
piled up in heaps, from wliich the meteoric water can readily 
run off. The originally sharp- cor nereil fragments break 
down and cohere, forming in the course of time a compact 
mass, which frequently does not resemble the original Bub- 
stance in any single character. The atmospheric influence 
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13 Lere evident in the course of from 50 to 200 years, and 
ProfeB3or Breitliaupt considers that this long-continned influ- 
ence may have couverted many rocks into aubstanees quite 
different from what they were at their original solidification. 
Generally speaking, fresh unaltered phonolite is not vesi- 
cular, but only slightly porous, and scattered blocks of it are 
then only superficially weathered ; vesicular phonolite, on the 
contrary, is scarcely anywhere met with in a fresh state, but 
is decomposed throughout. Struve shewed that the weathered 
crust of phoDolitti had lost its potash and soda- E. G. Gmelin's 
investigation of phonolite shewed that it consisted of a zeo- 
litic substance, soluble in acida, and a silicate having the 
composition of felsite, insoluble in acids, and further, that in 
the vesicles and veins the former was more op less wanting, 
sometimes entirely so, while these vesicles and veins con- 
tained natrolite, which cannot be regarded as of simultane- 
ous formation with the phonolite, but has pi-obably been 
formed by the extraction of the rock by water. "Walterhau- 
sen states that the zeolites of Iceland generally occur in a 
crumbled earthy bed of decomposed rock, and tJiat the oalcite 
occurs there in the same manner. 

It is probable that the vesicular cavities in rocks have not 
in all instances been produced at the original formation of 
the rock. Peai'lstone, pitchstone, and some felsites, become 
vesicular when heated. 

Cavities resembling vesicles have likewise sometimes been 
formed by the decomposition and removal of imbedded no- 
dules, — as for instance in basalt, — by the decomposition of 
tlie olivine. 

The substances which are contained in these vesicular ca- 
vities are generally of subsequent date, and have most prO' 
babiy been formed by an extraction of the rock. In some 
agates, this mode of production is almost obviously indicated 
by the structure, Tbe vesicular cavities containing zeolites, 
heavy .spar, calcite, phrenite, and copper and quartz, differ 
from those containing agate, in not presenting the point of 
infiltration so characteristic of the latter. This would ap- 
pear to indicate that the substances have been introduced in 
L^!fi'?i'?"t manner in the two cases, They could not 
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been poui-ed into the cavities at one poiut, but must have 
been as it were secreted into them. Where the vesicular 
rocks are traversed by lodes, it ia probable that mineral sub- 
stances have been transferred from them into the vesicles ; 
thus, at Annaberg (Saxony), metallic bismuth occurs in the 
vesicles of a rock near to a lode bearing cobalt, nickel, and 
bismuth minerals. 

It is, moreover, probable that the segregative attraction of 
homogeneous particles — which has already been alluded to in 
speaking of the fonnation of pyrites, — may have contributed 
to the formation of minerals in vesicular cavities. 

The green eai'th so frequently met with in vesicular cavi- 
ties is most likely a product of decomposition, apparently of 
a mica, rich in protoxide of iron. 

When aluminous and non-aluminous zeolites occur to- 
gether, the latter are always the more recent. When non- 
aluminous zeolites are accompanied by calcite, this is the 
more recent. 

Although the varieties of felsite, especially sanidine, occur 
so irequently as essential constituents of amygdaloid rocks, 
no kind of felsite has ever been met with in a vesicular cavity. 
But the most irequent aluminous zeolites contain the oonsti- 
ita of felsite plus water, consequently there is great pro- 
bability that they have been formed, in many instances at 
least, by the decomposition of felsites. Indeed, desmin, de- 
cidedly the most recent of these zeolites, has a great crystal- 
lographic analogy to felsite. 

Zeolites have never been found imbedded in a porphyritic 
manner in any undecomposed rock, and this circumstance 
ies with the view that they have been formed by an ex- 
traction of the rock by water ; for in such case, the new pro- 
ducts could only be deposited in the vesicles or lissurea. 

The delinite successions of minerals in vesicular cavities 
are the same aa those observed upon lodes ; thei*e are, indeed, 
instances of lodes and vesicular cavities occurring in the same 
rock, both containing the same minerals and in the same 
order of succession. 

Among geological phenomena, those presented by lodes 
,re probably second to none in interest, both in a scientific 
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and practical point of view. As the form and origin of lodo 
fiasures are treated of in all elementary works on Get^nosy, 
tUey may here be considered as already known. 

Tlie crystaliieation of the minerals in lodes has not always 
commenced fi-om the saalbands, but, in some few instances, 
Irom the middle of the fissure. 

It is a remarkable cireumstance that some lodes have no 
out-crop ; and although sometimes this may be owing to a 
subsequent formation of rock above thorn, there are instances 
in which this view is inadmissible. Moreover, many lodes 
which do crop out gi-adually increase in thickness downwards. 

It is a well-known fact, that the lodes in one particniar 
district have a more or less parallel direction, and those which 
intersect at any angle either do not correspond at all in their 
contents, or less than those which are parallel. 

Upon inquiring into the probable causes by which lode 
fissures have been filled with minerals, it is at the outset 
evident that they must have been very various. When alode 
contains only the same aeries of ininerals constituting the 
rock traversed by it, this rock is, with few exceptions,* 
the source from which the substance of the lode has been 
derived, — for instance, veins of calcite in limestone. When 
veins of one rock traverse another — basalt in sandstone — 
they are of eruptive origin. However, these are less frequent 
than those which traverse only one kind of rock, in which the 
minerals of the vein or lode either do not occur at all, or only 
in very small proportion. 

The greater number of lodes, and those of the greatest in- 
terest, occur in the older crystaHine rocks, and especially in 
those possessing a schistose structure, and consisting of sili- 
cates, generally mixed with quartz. These anhydrous silicates 
are, however, very rare in lodes themselves, while quartz is a 
very frequent and abundant constituent of them. 

Among the anhydrous silicates occurring in lodes bear- 
ing species of the usual ores, the felsites are most rare, A 
few, such as pegmatolite, oligoclase, tetartine, have here and 
there been met with. On the contrary, epidotes, especial; 
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the gi'een varieties called pistacite, are probably more fre- 
quent in lodes than in rocks. It is likewise remarkable, that 
some anhydrous silicates whicb occur in the form of lodes are 
never met with as conatituents of rocks. Among these are 
axinite (strictly speaking, a silico-boratc), the very rar« mi- 
neral zygadite, The former has been found forming a lode, 
together with an arsenical pyrites, rich in cobalt, cobalt 
glance, &c., in Chili, Saxony, and Sweden. 

The other anhydrous silicates occurring in lodes are, — 
some garnets, pyroxenes, amphiboles, titanites, lievrite, epi- 
dote, beryl, and topaz. 

Certain bydrated silicates are more frequent; for instance, 
phrenite, datolite (a silico-borate) ; most of the zeolites, many 
of which occur likewise in vesicular cavities ; some micas, 
and a few amorphous mineral substances. 

Silicii. bo rates certainly never occur as constituents of rocks. 
Datolite is the only one which oceura in vesicular cavities. 

The chief part of the mineral species wliich occur in lodes 
comprises such as are unknown as constituents of rocks, and 
they consist, moreover, of chemical elements which are not 
present in rocks. These remarkable and important facts un- 
questionably indicate : 1. That the minerals contained in 
lodes have not been formed by the extraction of the adjoining 
rock; 2. That such substances are chiefly present in veins, 
which, at the time of the formation of the rocks, were re- 
tained in the interior of the earth. We are unacquainte'd 
with any rocks from which it is probable that the sometimes 
enormous lodes of lead, silver, copper, antimony, zinc, arse- 
nic, bismuth, cobalt, and nickel minerals, or even those of 
iron or barium, and the sulphur of the stdplnirets, could have 
been derived by such a process of extraction by water. In- 
deed, heavy spar occurs in the Erzgebirge in such frequent 
and large veins that it may constitute no inconsiderable part 
of the entire mountain range, while we are unacquainted 
with any single mineral in these rocks, which are generally 
in an undecomposed state, containing baryta. Admitting the 
hypothesis of an original chaotic admixture of the elements, 
it may be conjectured that the alkaline minerals were first 
formed, on account of the more ready oxidation of their 
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metals, while the heavier metals, existing perhaps chiefly as 
sulphuret9, »iink towards the centre. This opinion gains some 
amount of probability, from the high specific gravity of the 
earth (according to Reich, 5'45 ; Baily, 5-66), while the mean 
specific gravity of all rocks is only 275. When, at subse- 
quent periods, fissures were formed in the superficial parts 
of the earth, they might have been filled by eruptive sulphu- 
i-ets, &c. Most of the metaltiferoiia minerals are op have 
been in the state of sulphurets ; and the old belief of miners, 
that in general lodes are richer the deeper they are worked, 
which has now gained considerable probability upon scienti- 
fic grounds, likewise favours the above view. 

There can be no doubt that sometimes, although rarely, 
the substances present in lodes have at least partly been in- 
troduced from above. Instances are known in which some 
of the chemical constituents of the minerals must hiye come 
from the surface. For example, the phosphoric acid in pyro- 
morphite, wavellite, kaelaite, &c. There are, however, very 
serious objections to Werner's theory, that all the substances 
present in lodes were introduced from the surface. 

The study of mineral lodes has led to the assiiinptioti of 
four different modes of formation : — - 

(A.) Congeneration. 

(B.) Lateral Secretion. 

(C) Ascension ; and 

(D.) Descension. 
The two latter have, however, been the most frequent. It 
is also probable that, in some instances, two or more of these 
modes of action have gone on together. 

Many lodes have, since their formation, suffered alteration 
to such an extent that the substances they contain are all 
products of the decomposition of the original minerals ; and 
sometimes these products demand a special attention. 
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(hi the Eyeless Animals of the Mammoth Cave of K&itueley. 
(Read before the Royal Physical Society, on exhibiting 
Specimens of the Animals.) By Robert Chambers, Esq., 
F.R.S.E. (Communicated by the Author.) 

The Mammoth Cave of Kentucky is situated on the Green 
Kver, an affluent of the Ohio, midway between tlie towns of 
Louisville and Nashville, The country is here composed of 
an elevated plain of the mountain limestone, resting on Devo- 
nian and Silurian roclis. The rivers form trenches in the 
country about 350 feet deep, and the Mammoth Cave is nearly 
the same depth below the surface. It is, aa is well known, 
of very great extent, not less, it is said, than ten miles, and is 
composed of a greaitjleantB of galleries — " branelung, crossing, 
inosculating in all directions, and at all levels,'' — all afford- 
ing a dTy footing, and all pervaded by perfectly sweet air. 
Though it is believed that there is but one passage into the 
cave, there is constantly a stream of air coming outwards 
when the temperature of the outer air is above 60^" Fahren- 
heit, and a stream going inwards when the outer tempera- 
tui'e is below that point, apparently a consequence of the call 
for the establishment of an equilibrium between the air-con- 
tents of the cave, which are invariably at 60°, and the outer 
I air; from which Professor B. Silliman junior draws the in- 
ference that the space of the excavations must be immense. 
Throughout the eave, even at the distance of several miles 
from the mouth, are rivers and pools of water, which evi- 
dently have some connection with the waters of the outer 
world, as they are clear and palatable, and rise and fall with 
the neighboui'ing rivers of the outer country, according to the 
drought or wetness of the season. Mr Silliman is clearly of 
opinion that the excavations are the effect of moving water, 
and of no other cause. 
The Mammoth Cave affords a hybernating retreat for vast 
numbers of buts ; but its constant inhabitants are alone en- 
titled to notice. There is a rat of furry coat, bluish in the 
body and white in the thi-oat, possessed of large black eyes. 
Mr Silliman caught two specimens, a male and female, and 
ho says of Hie former that he is satisfied it was entirely blind 
^ 
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whpQ first caught, though after being kejtt some time ii 
it appeared gradually to attain some power of vision. There 
are also Home insects, " the largest of which is a sort of 
critket, with enormously long antennie." " Of spiders Dr 
Tellkampf found two eyeless, small, white species, which he 
calls rhnlnngodes armata and Anihrobia motimoitthia ; fiiea 
of the genus Antluimiu, and two blind beetles, Anophthal- 
mtts Tellkampfii of Erlekson, and Adelops kirtuB." There J 
are also some infusoria. 

But the most remarkable animals peculiar to the Mam-- 
moth Cave are — a crustacean, Astacue pellncidue, and i 
email fish, Ambli/opsia Spel<eus. 

These are the species of which specimens are now before H 
the Society, having been sent to me by John Purves, Esq. of 
Kinaldy, Fifeshire, who visited the Mammoth Cave during 
the Bummei' of 1850. 

The signal peculiarity of these animals is their want of 
fully developed organs of vision. Dr Tellkampf and Mr 
Thomson, president of the National History Society of Bel- i 
fast, who were amoug the first to notice the animals of thfli'l 
cave, speak of eyes in the Crustacea. Agassiz, on the other I 
hand, asserts that this is a mistake. He says : " I have eX' 
amined several species, and satisfied myself that the peduncle | 
of the eye only exists, but there are no visible facets at its ' 
extremity, as in other craw-fish." * These observations ap- 
pear to be fully justified by the specimens now submitted to 
the Society ; for scarcely the faintest trace of an eye can be 
detected in the two Crustacea. M. Agassiz asserts respect- 
ing the fish, that it has not even rtulimentary eyes, and' \ 
appcn.rs to want even the orbital cuvhy.— (Agassis' s and^ 
Gould's Principles of Zoology.) From the circumstance of 1 
its being viviparous, from the character of its scales, and I 
from the forward structure of its head, he considers it i 
aberrant type of his family of Cyprimodonts. There is also, 
however, a second species of fish, " not colourless like the ■ 
first," and having external eyes, hut quite blind. Mr Silli- 
raan, moreover, mentions an important fact, that the " larger 1 
eyed and cuhmred craw-fish which are abundant witliout the | 

i. 7)0.31. (Rtpriiitccl in.lBmcBon'i.) J 
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cave, are also common in some aeasotis in the Bubterratieati 
rivprs, and bo aleo it ia said the fiali of the Green River are 
to be found in times of flood in the rivers of the cave." 

Iq reply to a letter of inquiry from Professor Silliman 
senior, Mr Agassiz made a few remarks on the presumable 
primitive condition of the eyeless animals of the Mammoth 
Cave. He says — " This is one of the most important ques- 
tions to settle in natural history, and I have several years 
ago proposed a 'plan for investigation, which if well consi- 
dered, would lead to as important results as any neriss of in- 
vestigatJons which can be conceived, for it might settle once 
and for ever the question, in whatcondition and when the ani- 
mals now living on the earth were tirst called into exis- 
—{Silliman's American Journal, is., No. 51.) 



Analyses of Fossil Bones of Nebraska. 
The results of the chemical examinations of tho bones of 
Bome of the fossil Mammalia from the tertiary formation of the 
Mauvaises Terrea of Nebraska, are interesting and remark- 
able, as shewing the change which they have undergone dur- 
ing the long period of interment. 
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1 10 Analyses of Fossil Bonee of Ifebrafla. 

It is to be regretted that time did not permit me to repeaiJ 
these analyses on different varieties of Bpecimens, and by 
different methods. However, I am able to furnish anotherl 
analysis, of a compact portion of the tibia of arehseotberinm, 
carefully freed from all extraneous matter, made with great 
care in Dr Genth'a laboratory, and under his immediate 
inspection, by Dr Francis V, Greene, wbicli has resulted 
very satisfactorily, and in which the fluorine was estimated J 
by precipitation. I 

Water, U = 1-97: Organic matter, = 4-09: PhoBplionc acid, 
P = 31-19; Silicic acid, SU 0-2C ; Carbonic acid. C - 2-77 ; Salpharic 
acid, S = 2a9; Fluorine, F = 2-46; Chlorine, CI = 0-02; Lime_ 
Co = 30-83 : Magneiiia (with a traee of Mn), >Ig = 1-14; BaTyta, 
Ba=l-10; PotaBb, K = 0-28 ; Soda, K'a = l-.i7; Iron and Alaminft, 
a trace. Total, 99*87- 

These analyses are remarkable : first, in sfacwing the ex.-m 
istence of a notable quantity of fluoi-ine amounting to tronil 
2 to 3 per cent., sufficient to etch glass very distinctly, when 
tbe bones are treated with strong sulphuric acid, and gently 
heated: second, in proving the existence of trom 2 to 4 per 
cent, of the original organic matter, and from 31 to 37 per 
cent, of the phosphate of lime in the bones of animals, which? 
have been entombed in these early tertiary deposits evi 
since the Alps first began to lift their heads out of the ocean, 
and in which they have been enclosed tbe almost inconceiv- 
able length of time that has elapsed during a vast geological' 
epoch ; in which that great mountain chain of Europe hag 
been gradually thrusting its peaks to ten or twelve thousand 
feet above the ocean ; and while the Andes of South America, 
during the same period, have attained probably even a greate* 
elevation. | 

Reflecting on the origin of the fluorine discovered in these' 
Nebraska fossil bones, it becomes a question whether it is 
an original constituent of the bones of the living animal, or 
has been introduced into their composition after death. Since 
the analysis of the bones of existing animals indicates but a 
mere trace of fluorine, it seems more probable that that ele- 
ment has been introduced as fluoride of calcium by infiltration 



ler 



J. D. Dana on the Recent Eruption of Mauna Lo< 



111 

f during the gradual process of fossil ization, after the mannfi- 
of psendoinoi'phism in minerals, the fluoride of calcium gra- 
dually re pi ac'ing the organic matter, as transformation pro- 
ceeded, than that it should have been an original constituent 
ofthe bones of the living animal. Still, the subjoined analyses 
of the enclosing matrix gives no evidence whatever of the 
existence of fluorine in these deposits now. 

If tlie fluorine has really been derived from these deposits, 
we are forced to tlie conclusion that it has all been removed 
hy the powers of pseudomorphism. May wo not, however, 
rather loolt to the saline water.s, now common in that coun- 
try, as the source of the fluorine ; or perhaps, to the waters 
of the lake, bay, or estuary, in which the bones may have 
Iain macerating, previous to their long interment? 

It is wortiiy also of note that Greene's analysis shews the 

presence of sulphate of baryta in the compact portion of 

the bone he analysed; and Dr Genth discovered minute 

, crystals of sulphate of baryta in the cavities of some of the 

I boneB by the aid of a stronger magnifier. — {Owen's Geolo- 

' giedl Survey of Winsconsin, Iowa, and Minnesota.) 



Note on the Eruption of Mmina Loa. By James D. DanA. 
(Communicated by the Author.) j y 

The account of Mauna Loa, by Rev. Titus Coan, together 
with the additional information from letters appended to this 
paper, suggests a few thoughts confirmatory of views men- 
tioned in another place by the writer. 

1. The eruption described, although so vast in its extent, 
commenced with no earthquake — no internal thunderings — 
no premonitions whatever, that were perceptible at the base 
of the mountain. In almost all descriptions of volcanoes, 
these phenomena are set down as essential to the result, 
especially if the eruption he of much extent. Some force is 
supposed, in one way or another, to get beneath the column 
of lava, and by sudden action to eject the lavas with violence, 
amid terrific exhibitions of volcanic power. But in the 
majestic dome of Mauna Loa, where the lavas are earned to 
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a height of 14,000 feet, the outbreak is quiet and noiseless; 
the mountain opens, the lavas flow. The vivid description 
of Ml" Coan. marked as it is with the actual terrors of the 
scene, strikingly sustains these statements. For how unlike 
Vesuvius in her great outbreaks is the Hawaian volcano, 
when the crater, in its intensest eruption, could be approached 
" within forty or fifty yards on tlie windward side," or " with- 
in two miles on the leeward," and the traveller need retirff 
but to thedistance of "a mile" from ine very scene of eruption 
for his " night vigils." 

2. The mobility of the Hawaian lavas is most remarkably 
exemplified in this eruption. The fiery rock at the crate? 
formed literally an open boiling fountain, instead of appear- 
ing in eruptive discharges through a narrow-necked funnel. 
A jet of clear liquid lava shot up in ceaseless flow to a height 
of 300 feet or more, and, with its surrounding jets and falling 
spray, produced, as Mr Fidter says, the efiect of a Gothic 
structure of molten metal, with its shafts and pinnacles and 
buttresses, in quick incessant change — now rising into a tall 
spire 700 feet in height, now spreading into more massy fonuB, 
and ever dazzling the sight with its brilliancy. The scene of 
this display, according to Mr Coan, was 5000 feet below the 
summit outbreak," and it would actually appear, as he implies, 
that the hydrostatic pressure of the central column of lavas 
in the mountain was the power that kept the jet in action. 
Such a fountain of molten rock is majestic beyond con- 
ception ; and the more wonderful, the moi-e majestic, viewed 
as the effect of simple pressure, with none of the convulsive 
heavings common in other volcanoes. The terrible roar of 
the crater was the sound of the ponderous mass agitated to 
its depths, by the tossing and falling jets and the escape of 
the imprisoned vapours; it was not enhanced even by the 
occasional shocks of an earthquake. 

3. Kilauea, a crater on the flanks of Mauna Loa, but 
4000 feet above the sea, having its larger diameter 18,000 
feet, or 3J miles, exhibited at this time no signs of sympathy 
with the summit action. If ever a region had its safety- 
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valve, we should say that this immense cratei' wuiild he such 
to Hawaii, But the lavas rise in the centre of the mountain 
10,000 feet above this vast pit (or nearly 11,000 feet above 
ita bottom), without producing the slighteBt fluctuation in its 
boiling lakes. 

4. Prom the eruptions of Kilaaea in 1823, lii32, and 
1840, the writer, in tracing out its history, stated that the 
course of changes leading to a new outbreak required eight 
or nine years, this being the interval between the known 
eruptions. The process was shewn to consist in a gradual 
filling up of the great pit for 400 or 500 feet of its depth, 
attended with an increased activity when at this height, and 
followed by a discharge from some fissure or fissures opened 
through the slopes toward the aea. 

Bat since 1840 thirteen years have passed, and still no 
eruplion has been observed. The process has, however, been 
essentially as indicated by the author, although under a new 
modification of ita action. The crater did go on filling up at 
its usual rate, so that in 1846 it had already risen to a height 
of 400 feet above the level it had after the eruption of 1840. 
The crater, moreover, was then in violent activity, and the 
black ledge was nearly obliterated ; the bottom continued still 
to rise, and an eruption was speedily expected. But instead 
of an eruption, we learn that in 1848 and 1849, all was nearly 
qniet. excepting a single convulsive heaving in the latter 
year. The lower pit was filled with solid lavas, and the 
great lake became finally the site of a solid dome or cone. 

It is however altogether probable, from the retreat of the 
liquid lavas and the disappearance of the fires, that a dis- 
charge actually took place at the time expected, but beneath 
the sea. Such a discharge occurring in the usual quiet way, 
might be unperceived by the inhabitant* of the island. The 
outflow of lavas, however, must have been but a partial one ; 
and, consequently, the bottom of Kilauea, instead of sub- 
siding, as the lavas retreated, 400 feet (as commonly hap- 
pens), retained its place. 

Five years have now passed, and the (ire.'i, as Mr Coan 
Ktates, are again breaking out. This is a further confirmation 
of our vifw. The process of elevation in the liqnid internal 
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lavas lias evidently been going on, as after previous eruptioiia^ 
although out of sight, deep beiieatb the solid rock that forms 
the bottom of Kilauea ; and they have again reached a height 
that enables them to be distinguished. The mode of progi-eBS 
and of eruption may therefore correspond throughout with 
the viewa presented by the author in hia Exploring Expedition, 
Geological Report, and American Journal, vol. is., 347. Y» 
it is also possible that the firKS of Kilauea are dying out, ani 
that thus the change of condition is to be explained, 

Although the discharges at the summit of MaunaLoa pi 
duoe no oscillations in the lavas of Kilauea, it may atill 
possible that the increased activity at the summit, and tin 
minished action of the flank crater, during the past few yeai 
may be connected with the same changes below. Thesi 
ehajiges may consist in some variations in the distributioi 
of the heat, or, more probably, in a variation of size or dir< 
tion in the openings or channels that serve to supply tl 
water which feeds the fires. 

5. If Kilauea were to become extinct in its present cunr" 
dition, no evidence would exist of its former depth, or of th^j 
black ledge or shelf which has been so remarkable a featura 
in this crater. The present depth dues not exceed GOO feet 
— 400 i'eet less than after the eruption of 1S40.* Moreover, 
aa the precipitous rocky walls are wholly free fram acorise 
and all other signs of recent fires (looking much like bluffy 
of ordinary stratified rock), there is no evidence as to tl 
great eruptions that have taken place, and only signs of 
sort of Solfatara action, without flows of lava over the bot- 
tom of the confined area. These facts bear on the conclu- 
sions that might be deduced from the existing features 
extinct volcanoes. 

6. Mr Coan speaks of the lavas as flowing from an orifice< 
in a broad stream down the mountain. It is probable that 
fissures opening to the fires below were continued at intervals 
along the course of tlie eruption, and that these afforded 
accessions to the fiery flood. Such was the case in 1840, 
and the three tufa hills at Nanawale, on the seo-cooat, marl 
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tbe positions where these opened fissures reached the sea. 
Any internal force sufficient to break through tbe sides of a 
mountain like Mauna Loa, must necessarily produce a linear 
fissure, or a series of fissures, and not a single tunnel-like 
opening. 

7. We have yet received no definite facts as to the angle 
of elope down which the lavas descended. Yet we do know 
that in this and in a former eruption the stream continued 
over the declivities for thirty miles, and these declivities 
have an average angle of six or seven degrees, though made 
up of subordinate slopes varying probably between one and 
twenty degrees, as Mr Coan mentions, when describing tbe 
descent of tbe lavas in the summit eruptions of 1843. The 
slopes of Mauna Loa, although the mountain is over 14,000 
feet high, are therefore not too steep to receive accessions 
from top to bottom, from eruptions of vast extent over its 
sides. With such facts, in connection with others brought 
forward by the writer, we are assuredly sustained in not ad- 
mitting the universal application of the so-called elevation 
theory. But in rejecting this theory, we do not go to the 
opposite extreme, and adopt in its full extent the overflow 
theory. The truth, aa usual, lies between the two extremes, 
as the writer has elsewhere urged. Both causes have acted 
in the history of all volcanoes ; both act from tbe very com- 
mencement of tbe germ-cone. There is elevation from the 
central action, from the opening and filling of fissures about 
the centre, and also from the outflow of lavas. The first of 
these operations may be most eff'ective in tbe earlier periods 
of the rising mountain ; but each continues to act till tbe fires 
die out; and in tbe later periods, especially, there is often a 
flattening process, ai'istng from the spread of lavas ejected 
from fissures about the base of tbe mountain, which extend 
the shores, and diminish the angle of slope. 

8. Tbe interval of time between the last three erup- 
tions of the central crater of Mauna Loa is from nine to ten 
and a half years. The first of these three took place in June 

the scond in January 1843; the third in February 
1852. Tbe recorded eruptions of Kilauea have occurred 
follows, leaving out that of 1780: the first in 1823, the 
II 2 
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second in 1)^32, the third in IB4U, probably & fourth t 
a HiibmariDe or sabt«iTaneaii vent in 1847 or 1818, and the 
fires are Dow increasing ag&in in activity- In 1832 there 
were thus eruptions from both of these extensive craters of 
Mauna Imh. 
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We annex additional notes on the eruption, from differenn 
Bonrcea. The account of the wldrlwhida produced by thj 
crater are of much meteorological interest. 

1. From a Leiler of II. Kinney, tlated Waiohinu, IIat»a^ 
^/)Wa9, 1852 (published in "The Pacific," SanPrsnciw 
of June 18). 

The light of the volcano at night was very great — illutni' 
nating the surrounding country for many milea distant, and 
giving to the overhanging clouds the appearance of an im- 
mense body of fire. After witnessing this for several nighta, 
my desire to visit it became so strong, that 1 resolved to make 
the long and tedious journey, to take a near view of this grand 
display of the Almighty's power. Accompanied by Mr Fnller, 
i set ont on the 1st day of March. After travelling through 
woods and over wide districts of naked lava, we arrived at Wie 
vicinity of the eruption on the forenoon of the third day. Its 
deep, unearthly roar, which we began to hear early on the 
day before, " waxed louder and louder," as we drew nearer 
and nearer the iiction, until it resembled the roar of the 
ocean's billows when driven by the force of a hurricane against 
a rock-bound coast, or like the deafening roar of Niagara. 

We first reached the deep channel, through which a wide 
stream of liquid lava had flowed down the mountain, deso- 
lating an area of vast extent; it had ceased to flow in this 
direction, but was flowing still at a little distance, where we 
gazed with delight. The main stream was still beyond, 
which we could not approach, on account of the great heat ; 
but at night we had a fine view of the fiery river, at no great 
distance from our encampment. Though the lava gushed 
in several places like water- springs, yet the main fountain 
as one of indescribable gi-andeur. In the midst of a form- 
cone, with a base of 200 or 300 feet, there shot up a jet 
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of clear liquid lava to the height of from 400 to 800 feet, 
combining in ita ascent and ilescent all the beauties of the 
finest water fountains — ^jet after jet aacended in constant and 
regular suceesaion, day after day ; descending, it mostly fell 
back into the crater, but sometimes it fell spattering on its 
sides, and flowed down, uniting with the main stream. The 
outer portions cooled to a blackened mass while in the air ; 
the upper and lighter portions were carried by the propelling 
force to the regions of the clouds, and fell in showers over 
the surrounding country. 

The intense heat of tho fountain and stream of lava, caused 
an influx of cool air from every quarter ; this created terrific 
whirlwinds, which constantly stalking about, like so many 
Bentinels, bade defiance to the daring visitor. These were 
the most dangerous of any thing about the volcano. Some- 
times we were compelled to prostrate ourselves for safety. 
Once we ventured within about a quarter of a mile of the 
great jet ; soon one of the most terrific whirlwinds formed at 
the crater, and advanced straight towards ns, threatening 
us with instant ruin ; but fortunately for us, it spent its 
fijrce and turned to the right, leaving us to make a rapid 
retreat. 

We saw a similar one whirling around the jet, and conceal- 
ing it with a dense cloud of ashes, as if engaged in a furious 
combat. The two contending elements presented a most 
wonderful spectacle. When the strife ceased, the fountain 
appeared in constant action, as though nothing had occurred. 
Clouds approaching the volcano were driven back, and set, 
moving in wild confusion. 

The glare of the liquid fountain was very great, even when 
the sun was shining; but at night it was vastly more so, 
casting the light of nearly a full moon in the shade, and 
turning night into day. 

■ 3. From a Letter hy Mr Fuller, dated Waioldnu, March 28. 
There played & fountain of liquid fire of such dimensions 
and such awful sublimity, shaking the earth with such a con- 
stant and deafening roar, that no picture of the classic 
realms of I'tuto, drawn by Grecian or Roman band, can give 
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yon any adequate conception of its grandeur, A few figures 
rpay assist your imagination in its attempts to paiut tbe 
scene. I made the followiDg calculations, after careful ob- 
Bervationa during nearly twenty-four hours, from different 
points within a mile of tlie crater, and, after deliberate dis- 
cussion with Mr Kinney and companion, with different 
objects around ua. Some of these calculations have been 
confirmed by a somewhat accurate measurement by Mr 
Lyman, of Hilo. 

Tbe diameter of the crater, which has been entii-ely formed 
by this eruption is about 1000 feet, its height irom 100 to 
160 feet. One part of the crater was raised 50 feet during 
our presence on the spot. The height of the column of red- 
hot liquid lava, constantly sustained above the crater, varies 
from 200 to 700 feet, seldom falling below 300. Its dianseter 
is fi-om 100 to 300 feet, and rarely perhaps reaching 400 
feet. The motions of this immense jet of fire were beautiful 
in the extreme, far surpassing all the possible beauties of 
any water fountain which can be conceived ; constantly vary- 
ing in form, in dimensions, in colour and intensity ; some- 
times shooting up and tapering off like a symmetrical Gotbiff 
spire, 700 feet high; then rising in one grand mass, 300 
feet in diameter, and varied on the top and sides by points 
and jets, like the ornaments of Gothic architecture. The 
New Yorker, who, as he gazes on the beautiful spire of 
Trinity Church, can imagine its dimensions increased three- 
fold, and its substance converted into red-hot lava, in constant 
agitation, may obtain a tolerable idea of one aspect of this 
teiTific fire fountain. But he should stand at the foot of the 
Niagara Falls, or on the rocky shore of the Atlantic when 
the sea is lashed by a tempest, in order to get the most 
terrific element in this sublime composition of the Great 
Artist. For you may easily conjecture that the dynamical 
force necessary to raise 200,000 to 500,000 tons of lava at 
once into the air would not be silent in its operation, 

The eruption of which I have written broke out on thi 
morning of the ISth February, at about 3 o'clock, and con- 
tinued twenty days. The crater is situated on the base of 
Mauna Loa, about 35 miles from Hilo, and 25 from the old 
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cmter of Kilauea. Its heigbt above the sea is about 7000 
feet. It baa forTiieii a stream, winding down the mountain 
aide, with aeveral branches 30 or 40 miles long, from one- 
fourth to two miles broad, having a depth, in some places, of 
200 or 300 feet. 



Mammoth Cave of Kenluc/i'if. 

[We extract the following graphic account of the Mam- 
moth Cave of Kentucky from Professor J. D. B. De Bow'8 
" Industrial Resources, &^, of the Southern and Weatern 
American States.''] 

In Edmonson County is that extraordinary curiosity, the 
Mammoth Cave. It is situated midway between Louisville 
and Nashville, and is a fashionable place of resort. The 
cave is approached through a romantic shade. At the en- 
trance is a rush of cold air. A descent of thirty feet by stone 
steps, and an advance of one hundred feet inwards, brings 
the visitor to the door, in a solid stone wall which blocks up 
the entrance of the cave. A narrow passage leads to the 
great vestibule or antechamber, an oval hall, 200 by 150 
feet, and 50 feet high. Two passages of 100 feel width 
open into it, and the whole is supported without a single 
column. This chamber was used by the races of yore as a 
cemetery, judging fi-om the bones of gigantic size which are 
discovered. 

" Far up, a hundred feet above your head, you catch a 
fitful glimpse of a dark gray ceiling rolling dimly away like 
a cloud, and heavy buttresses, apparently bending under the 
superincumbent weight, project their enormous masses from 
the shadowy wall. The scene is vast, solemn, and awful, 
A profound silence, gloomy, still, and breathless, reigns un- 
broken by even a sigh of air, or the echo of a drop of water 
falling from the roof. You can hear the throbbings of your 
heart, and the mind is oppressed with a sense of vastness, 
and solitude, and grandeur undeacribable." In Audubon 
Avenue, leading from the hall, ia a deep well of pure spring 
water. It is surrounded by stalagmite columns from the 
floor to the roof. The Little Bat Eooin contains a pit 280 
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feet deep, ami ia the resort of myriads of bats. The Grand 
(lalleri) is a vast tunnel many miles long, and tifty feet liigh, 
and as wide. At the end of the tii-st quarter of a mile is 
found the Keutacky CUffg and the t'kurok, 100 feet in dia- 
meter, and 63 feet higli. A natural pulpit and organ-loft 
are not wanting. " In this great high temple of nature, re- 
ligious service has been frequently performed, and it requires 
but a slight eiFort to make the speaker heard." The Gothits 
Avenue is reached by a flight of stairs, and is forty feet wide, 
fifteen high, and two miles long. The ceiling is smooth and; 
white. Mummies have been discovered here, which have been 
a subject of curious study to science. In the Gothic Avenue 
are stalagmites, stalactites, also Louisa' xBrnver and Vulcan's 
Furnace. On the walls of the Register Rooms are inscribed 
thousands of names. The Gothic Chapel ia " one of 
prising grandeur and magnificence : and when brilliantly 
lighted up by the lamps, presents a scene inspiring the be- 
holder with feelings of solemnity and awe" At the foot of 
the Devil's Arm Chair is a small basin of sulphur water. 
Here we have Napoleon's Breastwork, the Elephant's Head, 
IjOver's Leap, Gatewood's Dining Table, and the Cooling Tub 
— a basin six feet wide and three deep of the purest water, 
Napoleon's Dome, ikc. 

Tiie Ball Room contains an orchestra fifteen feet high ; 
near by is a row of eabins for consumptive patients, the 
atmosphere being always temperate and pure. The Star 
Chamber presents an optical illusion. " In looking up to 
the ceiling, the spectator seems to see the firmament itself. 
studded Avith stars, and afar off a comet with bright tail." 
We pass over the Sails Rooms, Black Chambers, Fairy 
Grotto, <^c., and come to the Temple. 

" The temple is an immense vault, covering an area of two 
acres, and covered by a single dome of solid i-ock, one hun- 
dred and twenty feet high. It exceeds in size the cave of 
Staffa, and rivals the celebrated vault in the grotto of Anti- 
pai'os, which is said to be the largest in the world. Id pass- 
ing through, from one end to the other, the dome appears to 
t'uUu^v the sky, as in passing frum place to place on the 
In the niiiMIe of the diinu- there is a large mound of 
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rocks rising on one side nearly to the top, very steep, and 
forming what is called the mountain. When 1 first ascended 
this mound from the cave below, I was struck with alceling 
of awe more intense and deep than any thing I had ever 
hefore experienced, I could only observe the naiTow circle 
which was illuminated immediately around me ; above and 
beyond was apparently an unlimited apace, in which the ear 
could not catch the slightest sound, nor the eye find an ob- 
ject to fasten upon . It was filled with silence and darkness ; 
I'yet I knew that I was beneath the earth, and that this 
)e, however large it might be, was externally bounded by 
1 walls. My curiosity was rather excited than gratified. 
1 order that 1 might see the whole in one connected view, I 
built my fires in many places of cane, which I found scattered 
among tlie rocks. Then, taking my stand upon the mountain, a 
Scene was presented of Burprising magnificence. On the op- 
posite side, the strata of gray limestone breaking up by steps 
from the bottom, could scarcely be discerned in the distance 
by the glimmering. Above was the lofty dome, closed at the 
top by a smooth oval slab, beautifully defined in the outline, 
from which the walls slope away on the right and left into 
thick darkness. Every one has heard of the dome of the 
Mosque of St Sophia, of St Peter's, and St Paul's ; they are 
never spoken of hut in terms of admiration as the chief works 
of architecture, and among the noblest and most stupendous 
examples of what men can can do when aided by science ; 
and yet when compared with the dome of this temple, they 
sink into comparative insignificance," 

The Hivcr Hall descends like the slope of a mountain ; 
the ceiling st.retches away, away before you, vast and grand 
as the firmament at midnight. Proceeding a short distance, 
there is on the left a steep precipice, over which you can look 
down by the aid of blazing missiles upon a broad, black sheet 
of water, eighty feet below, called the Dead Sea. This is an 
awfully impressive place, the sights and sounds of which do 
not easily pass from memory. He who has Been it, will 
have it vividly brought before him by Alfieri's description of 
Filippo, Only a transient word or act gives us a short and 
dubious glimmer that reveali* to us the abysses of his being — 
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daring, lurid, and tui-i'llic an tlie tliroat of the iurernal poi 
Descending from the eminence by a ladder of about twenty 
feet, we find ouraelvea among piles of gigantic rocks ; and 
one of the most picturesque sights in the world is to see a 
file of men and women passing along these wild and scraggy 
paths, moving slowly — slowly, that their lamps may have 
time to illuminate their sky-like ceiling and gigantic walls, 
disappparing behind high cliffs — sinking into ravines — ^their 
lights shining upward through fissures in the rocks — then, 
suddenly emerging from some abrupt angle, standing in the 
bright gleam of their lights, relieved by the towering black 
masses around them. As you pass along, you hear the roar 
of invisible waterfalls; and at the foot of the slope, the 
River Sty.v lies befoi-e you, deep and black, overarched with 
rocks. Across, or rather down, these unearthly waters, the 
guide can convey but four passengers at once. The lamps 
are fa,stened to the prow, the images of which are reflected 
in the dismal pool. If you are impatient of delay or eager 
for new adventure, you can leave your companions lingering 
about the shore, and cross the Styx by a dangerous bridge 
of precipices overhead. In order to do this, you must ascend 
a steep cliff and enter a cave above, over three hundred yards 
long, from the egress of which you find yourself on the bank 
of the river, eighty feet above its surface, commanding a view 
of those in the boat, and those waiting on the shore. Seen 
from the heights, the lamps in the canoe glare like fiery eye- 
balls ; and the passengers sitting there, so hushed and mo- 
tionless, look like shadows. The scene is so strangely 
funereal and spectral, that it seems as if the Greeks must 
have witnessed it before they imagined Charon conveying 
ghosts to the dim regions of Pluto. 

The Mammoth Cave is said to be explored to the distance ' 
of ten miles, without reaching its teinnination, whilst the 
aggregate width of all the branches is over forty miles! 
Next to Niagara, it is the wonder of nature in the Western 
World, or perhaps throughout all her domains. 



On Uie Annual Variation of the Atniomphiiric Pressure in 
different parts of the Globe. By Professor H. W. DoVB 
of Berlin.* Communicated by Colonel Sabine. 

The establishment of meteorological stations in distant 
parts of the globe had, generally speaking, for its immediate 
object, so to complete the partial knowledge we already 
possessed of the phenomena over a considerable portion of its 
surface, as to enable na to take a general view of their course 
over the whole globe. The result of those endeavours has 
even exceeded what was hoped for, as besides the informa- 
tion obtained respecting regions where our knowledge ivas 
moat defective, fresh light haa been thrown on those with which 
we had supposed ourselves already completely acquainted. 

Meteorology commenced with us by the study of European 
phenomena, and its next principal extension was to pheno- 
mena observed in the tropical parts of America. If what is 
true of Europe were equally true of the temperate and cold 
zones of the earth in all longitudes, and if tropical America 
in like manner afforded a pei-fect example of the tropical 
zone generally, it would be of little consequence where the 
science of Meteorology had been first cultivated ; but this is 
not the case, and a too hasty generalisation has led to the 
-neglect of important problems, while others less important 
have been regarded as essential and placed in the foremost 
rank. It was neceasary that the science should be freed 
from these youthful trammels, and this needful enfranchise- 
ment has been eflfected by the Russian and by the English 
system of observations. Russia has done her part in free- 
ing the meteorology of the temperate and cold zones from 
impressions derived exclusively from the limited European 
type ; and England, which by its Indian stations had under- 
taken for the torrid zone the same task of enlarging and rec- 
tifying the views previously entertained, has besides, by its 
African and Australian stations (Cape of Good Hope and 
Hoharton), opened to us the southern hemisphere, and first 
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rendered it poaaible to treat of the atmospltere as a whole. 
I will now endeavour to shew the importance of being en- 
abled to take such general views, selecting as an example the 
annual variation of the barometer. 

The study of the annu'f/ barometric variation had long been 
singularly neglected, while the diurnal barometric T&riatioD 
had had devoted to it an attention quite diapro portioned to 
its subordinate interest in reference to the general move- 
ments of the atmosphere. This othernisc incomprehensible 
mistake is excused by the loculities vrhere nature had been 
fir»t interrogated. Aa the diurnal variation had manifested 
il^f with great distinctness and regularity in tropical 
America, it naturally presented itself as an object of interest 
in Europe also. The annual variaUon, on the other hand, i 
inconsiderable, both in Europe and the tropical parts of 
America ; and thus, while atmospheric phenomena were 
treated simply as facts of which the periodicity alone was to 
be investigated, without seeking for physical causes, it was 
natural tliat u phenomenon, in which opposite effects result- 
ing fi-om two different causes counterbalance each other, 
should altogether escape notice. It is, perhaps, more re- 
markable that no surprise sliould have been excited when 
the atmospheric pressure was not found to diminish from 
winter to summer with increasing heat. 

When, by the labours of Prinsep more particularly, the 
phenomena of the tropical atmosphere in Ilindo'stan becajne 
more known, there was seen to be a great difference between 
the barometric variation there and in tropical America; in- 
nsniuch as the Indian observations shewed a decidedly well-, 
marked annual variation. A new error was now fallen in- 
to, and it was supposed that the phenomenon did not extend 
beyond the torrid zone, and that it was an immediate conse- 
quence of the periodical change of wind, i. e. of the monsoons. 
This erroneous view was completely refuted when the baro- 
k'netric relations at the Siberian stations became known ; for 
It wn,s thi;i\ found that, north of the Himalaya (which in the 
i*it[i|i(ifli;il liypotlieais must have formed the limit of the phe- 
■mm"), llio annual barometric variation was exhibited on 
I Hcalc, and over a region so cxtv^iisivc that the sliores 
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of the Icy Sea itself could hardly be assumed as its boundary. 
A greatly diminished atmospheric pressure taking place in 
summer over the whole continent of Asia must produce an 
influx from all surrounding parts ; and thus we have west 
winds in Europe, north winds in the Icy Sea, east winds on 
the east coasts of Asia, and south winds in India. The mon- 
soon itself becomes, as we see, in tliis point of view, only a 
secondary or subordinate phenomenon. 

I have endeavoured to establish the reality of the above i 
phenomenon and its dim atolog leal bearings, in several 
memoirs ; and I must refer for the numerical values to 
PoggendoriF's " Annalen," Iviii., p. 117 ; Isxvii., p. 309 ; and 
to the " Berichte" of the Berlin Academy, 1862, p. 285. 
I will here embody the results in distinct propositions, in 
order to shew, in connection therewith, the importance of the 
bearing of the Hobarton observations. 

1. At all stations of observation in the torrid and tempe- 
rate zones, the elasticity of the aqueous vapour contained in 
the atmosphere increases with increasing temperature. In 
the region of the monsoons this increase from the colder to 
the warmer months is greatest near their northern limit. 
Hindostan and China present in this respect the most exces- 
sive climate. No differences of similar magnitude are found 
in the southern hemisphere. The form of the curve of elas- 
ticity of the aqueous vapour shews, however, a less decidedly 
convex summit in the region of the monsoons than beyond 
it, having in that region rather the character of a flattened 
summit or table-land, the elasticity continuing nearly the 
same throughout the period of the rainy monsoon. Near 
the equator the convex curve of the northern hemisphere 
becomes gradually, first flattened, and then transformed into 
the concave curve of the southern hemisphere. In the 
Atlantic this transition takes place in a rather more northerly 
parallel. In regard to tlie magnitude of the annual varia- 
tion, the following rule appears generally applicable in the 
torrid zone; the annual variation is considerable at all 
places where equatorial currents prevail when the sun's alti- 
tude is gi'eatest, and polar currents when the sun's altitude 
is least ; and inconsiderable, wherever the direction of the 
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wind is either comparatively constant throughout the year, 
or where it changes in the contrary sense to that above de* 
scribed. At the last-named class of places the rate of de- 
crease in the mean annual tension of the aqoeous vapour 
with increasing distance from the equator is more rapid than 
in tlie first class. 

2. At all stations in Europe and Asia, the pressure of the 
dry air decreases from the colder to the wanner months, 
and everywhere in the temperate zone has its mininiuin in 
the warmest month. 

3- If we compare the annual variation of the pressure of 
the dry air in Northern Asia and Hindostan with the varia- 
tion in Australia and the Indian Ocean, we shall he satisfied 
that something more takes place than a simple periodical 
exchange of the same mass of air in tlie direction of the 
meridian, between the northern and southern hemispheres. 
From the magnitude of the variation in the northern hemi- 
sphere, and the extent of the region over which it prevails, 
we must infer that at the time of diminished pressure a 
lateral overflow probably takes place ; that it actually does 
so may be considered as proved for the northern part of the 
region, by the fact that at Sitka, on the north-west coast of 
America, the pressure of the dry air increases from winter 
to summer. It is not probable that the overflow takes place 
exclusively to the east, it probably occurs also to the west; 
and on this supposition the small amount of the diminution 
of the pressure of the dry air from winter to summer in 
Europe would be caused, not solely by the moderate amount 
of the difi^erence of temperature in the hotter and colder 
seasons, but also by the lateral afllux of air in the upper 
regions of the atmosphere tending to compensate the pres- 
sure lost by thermic expansion. As at the northern limit of 
the monsoon, at Chusan and Pekin, the annual variation of 
the pressure of the dry air is most considerable, while at the 
northern limit of the trade-wind in the Atlantic Ocean, i. e. 
at Madeira and the Azores, it is very small, it is probable 
that there is in the torrid zone also a lateral overflow in the 
upper strata of the atmosphere, from the region of the mon- 
soons to that of the trade*". 
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4. From the comltinedactionof the variations of the afjueoua 
vapour and of the dry air, we now derive immediately the 
periodical variations of the whole atmospheric pressure, As 
the dry air and the aqueous vapour mixed with it press in com- 
mon on the barometer, so that the upborne column of mercury 
consists of two parts, one borne by the dry air, the other by 
the aqueous vapour, we may well understand that as with 
increasing temperature the air expands, and by reason of its 
augmented volume rises higher, and at its upper portion 
overflows laterally, — while, at the same time, the increased 
temperature causes increasing evaporation, and tims augments 
the quantity of aqueous vapour in the atmosphere, — so it 
naturally follows that the composite result in the periodical 
variations of the barometric pressure should not everywhere 
bear a simple and immediately obvious relation to the 
periodical changes of temperature. It is only when we know 
the relative preportions of the two variations which take 
place in opposite directions, that we can determine whether 
their joint effect will be an increase or a decrease with in- 
creasing temperature, — whether in part of the period the one 
variation may preponderate, and in other parts the other 
variation. The following are the results which we are 
enabled to derive from observation. 

6. Throughout Asia the increase in the elasticity of the 
aqueous vapour with increasing heat is never sufficient to 
compensate the diminished pressure of the dry air ; and the 
inual variation of barometric pressure is therefore every- 
where represented, in accordance with the variation of the 
pressure of the dry air, by a simple concave curve having its 
lowest part or minimum in July. The observations in Taimyr 
Land, at lakoutsk, Udskoi, and Aiansk, shew that this is true 
up to the Icy Sea on the north, and to the sea of Ochotsk on 
the east. On the west a tendency towards these conditions 
begins to be perceived in European Russia in the meridian 
of St Petersburg, and becomes more marked as the range 
of the Ural is approached. On the Caspian and in the Cau- 
casus the phenomenon is already very distinctly marked ; its 
limit runs south from the western shore of the Black Sea, so 
I that Syria, Egypt, and Abyssinia, fall within the region over 



t*S9 Annual Vafitttimi of Atmospheric Pressure 

wliicli it prevails. Towards the confines of Europe tbera ii 
almost everywhere a maximum in September or October, 
the barometric pressure increasing rapidly from Jnly to the 
autumn. This maximum is followed towards the latter part 
of the autumn by a slighter inflection or secondary minimnm ; 
it is only beyond the Ural tlmt tlie curves become uniformly 
concave, with a single summer minimum and winter maxi- 
mum, whiL'li character they retain throughout the rest of the 
Asiatic continent, even to its eastern coast. In winter, the 
absolute height of the barometer at the northern limit of the 
monsoon is very great. The still considerable amount of the 
annual variation at Nangasaki, and the little difference 
between the curve of Manilla, and that of Madras, shew thai 
the region in question extends beyond the eastern coast of 
Asia into the Pacific Ocean ; in higher latitudes, hewever, 
its limits appear to be reached in Kamtschatka. As the an- 
nual vai-iation which is greater at Aladras than at Manilla is 
found greater at Aden than at Madras, the western limit of 
the region would appear to extend far on the African side. 

6. In middle and western Europe the barometric pressure 
appears to decrease everywhere from the month of January 
to the spring, usually attaining a minimum iu April ; it then 
rises slowly but steadily to September, and sinks rapidly 
to November, when it usually reaches a second minimum. 
In summer, therefore, the whole atmospheric pressure gains 
more by increased evaporation than it loses by expansion. 
This over' compensation is probably, aa we have Been above, 
to be explained by the lateral overflow received in the upper 
regions from Asia. In Sitka the whole annual curve ia con- 
vex, a result only found in Europe at considerable mountain 
elevations, where it is a consequence of the expansion, and 
extension upwards, of the whole mass of the atmosphere in 
summer. 

7. The region of great annual barometric variation, on the 
Asiatic side of the globe, where monsoons prevail, extends 
niucb farther to the north in the northern hemisphere, than 
it does to the south in the southern hemisphere ; for the 
variation re.icbes its maximum at Pekin, while at Hobarton, 

sarly a corresponding latitude, it has already become 
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considerable ; and it is generally greater in the northern 
than in the corresponding southern latitudes. The exact 
contrary is the case on the Atlantic side and in the region 
of the Trades; tor here the annual variation, though no- 
where very conaiderable, is decidedly greater in the southern 
than in the northern hemisphere, as is shewn by the results 
of observation at the Cape, Aacension, St Helena, Rio 
Janeiro, and Pernambuco, compared with the West Indian 
Islands and the southern parts of the United States. Hence 
it follows that, if we compare places in the same latitude, 
we find but little difference between the annual variation in 
the southern Atlantic and southern Indian oceans, while in 
the northern hemisphere we have in the same latitude Uie 
Tery large annual variation in the north part of the Indian 
and in the Chinese seas, and the almost entire absence of 
annual variation in the Atlantic (compare Chusan with the 
Azores and Madeira). The explanation of the last-named 
phenomenon, i. e. that of the northern hemisphere, by a 
lateral overflow in the upper parts of the atmosphere, seems 
80 direct, that I think we may pronounce the irregular form 
of the annual barometric curve in the West Indies to be a 
secondary phenomenon, the primary causes of which mnst 
be looked for on the east. 

8. It is known that in the eruption of the Coseguina on the 
20th of January 1835, when the isthmus of Central America 
was shaken by an earthquake, not only were the volcanic 
ashes carried to Kingston in Jamaica, a distance of 800 
English miles in the opposite direction to the trade-wind, but 
some of the same ashes fell 700 miles to the westward, on 
board the Conway, in the Pacific Ocean. We infer, therefore, 
that in the higher regions of the atmosphere in the tropics 
the air is not always flowing regularly from SW. to NE., 
but that this usual and regular direction is sometimes inter- 
rupted by currents from east to west. I think I have 
indicated the probable cause of such anomalous currents in 
the above described barometric relations of the region of the 
monsoons compared with that of the trades. If we suppose 
the upper portions of the air ascending over Asia and Africa to 
flow ofi^' laterally, and if this takes place suddenly, it checks the 
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course of the upper or counter current above the trade-wind, 
and breaks into the lower current. An east wind 
into a SW, current must necessarily occasion a rotatory 
movement, turning in the opposite direction to the hands of 
a. watch. A rotatory storm moving from SE. to NW. in the 
lower current or trade would, in this view, be the result of the 
encounter of two masses of air impelled towards each other 
at many places in snccession, the further course of the rota- 
tion (originating primarily in this manner) being that de- 
scribed by me in detail in a memoir on " the Law of Storms," 
translated in the Scientific Memoirs, vol. iii., art. viii. 
Thus it happens that the West India hurricanes and the 
Chinese typhoons occur near lateral confines on either side of 
the great region of atmospheric expansion ; the typhoons being 
probably occasioned by the direct pressure of the air from the 
region of the trade-winds over the Pacific into the more 
expanded air of the monsoons region, and being distinct from 
the storms appropriately called by the Portuguese "Tem- 
porals," which accompany the outburst of the monsoon when 
the direction of the wind is reserved. The fact of the 
potatory storms being of much more rare occurrence in the 
South Atlantic Ocean arises from the more equal distribution 
of the periodically diminished atmospheric pressure in the 
southern as compared with the northern hemisphere. Here, 
therefore, the rotatory storms take place principally in the 
monsoon itself. 

9. It is evident that the unsymmetrlcal distribution of land 
and sea, which gives rise to the abnormal variations in the 
forms of the isothermal lines, is at the same time the principal 
cause of the movements of the atmosphere. Thus the mon- 
soon is but a modification of the trade-wind, of which the 
cause is to be sought in part beyond the tropic. The region 
of great thermic expansion of the air in summer in the 
interior of the continent of the Old World presents all the 
characteristic marks of the region of calms, being a centre 
towards which all adjacent masses of air are drawn. Hence 
there is no complete sub-tropical zone, in the sense of a zone 
encompassing the globe. The region over which the heated 

r ascends does not thei-efore move up and down, or north 
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atid Boutli, parallel with tlie sua's change of declination, but 
has rather a kind of oscillatory movement, in which the West 
Indies represent the fixed point ; and the greatest amplitude 
of oscillation is on the side of India. The northern excurBion 
IB much greater in the northern hemisphere than is thy * 
Bontbern excursion od the side of the southern hemisphere. 
The Eoropeau atmoHpberic relations, especially in summer, 
are therefore essentially of a secondary nature ; and we must 
regard the little alteration in the atmospheric pressure in the 
course of the year in Europe as a secondary result, of which 
the explanation would not have been possible without the 
observations from Asia and Australia. 

H. W. DOVB. 

BBB1.i\, JuilMuryfl, 1853. 
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On the Determination o/ Copper and Nickel in quantita- 
tive anoli/sia. By David Forbes, F.G.S., Ass. Inst. C.E., 
Espedalen, Norway. Communicated by the Author through 
Dr George Wilson, F.R.S.E., &c. 

Although the determination of these metals by the present 
methods, when properly conducted, must he considered quite 
accurate, still they are tedious, and are likewise attended 
with several sources of error, so as to rend^er it desirable to 
endeavour by some simpler process to shorten the manipula- 
tion generally employed, as well as, if possible, to diminish 
tlie chances of incorrectness. 

Both copper and nickel are usually weighed iu the state of 
oxide procured by precipitating their respective solutions by 
potash. Tliis precipitation, if not conducted with great care, 
is liable to errors so considerable as completely to vitiate 
the results obtained, from the tendency which potash has to 
precipitate basic salts ; so that the precipitate produced is 
not the oxide itself, but a compound of the oxide with potash, 
generally retaining in addition some of the solvent acid. 

This compound, in the case of nickel and copper, is however 
decomposable by boiling water, and this property atforda the 
means of obtaining the oxides in a pure state previous to 
ignition ; it is however evident that some risk always exists 
of a portion not being perfectly decomposed by this washing, 
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which should be conducted at a boiling temperature, and 
ried on without intermission until concluded. In cases where 
even a very small amount of organic matter* is present, either 
" ~ m the solution, or, as frequently happens, in the potash em- 
~*^oyed, the precipitation is not complete, or rather a portion 
of the oxide is retained, dissolved in the solutiun, and is not 
precipitated by the further addition of potash. 

Another objection also is, that when igniting the oxide a 
portion of it may he reduced by the carbonaceous matter of 
the filter ; this can, however, be readily obviated, either by 
prolonged ignition, or by moiutening the oxide with nitrie 
acid, and again igniting, but the operation is then necessaril^i 
more tedious. 

When we likewise consider that copper and nickel ara 
generally Beparated in the course of analysis, hy precipitati( 
as sulpharet, we shall at once see the desirability of endea- 
vouring to determine their quantities as directly as possihlei 
from that compound ; and the following experiments were 
made with this object in vier". 

The first point inquired into was, whether the precipitated 
sulphurets of prolonged ignition, or rather calcination, could 
not he completely deprived of all their sulphur, and converted 
into oxides. The results obtained were, however, not at all 
satisfactory, as the sulphurets were never completely decom- 
posed and invariably yielded too high results, as may be seen 
from the following experiments : — 

(a) 3-75 gr. metallic copper, equivalent to 4-70 gr. oxide, 
yielded 547 gr. incinerated sulphuret ; being an ex- 
cess of 0-77 gr., or equal to lfi-38 per cent, too much 
oxide. 
(A) 3-63 gr. metallic copper, yielded 510 gr- instead of 4-66 
g:, CuO ; equal to excess of 055 gr., or 1208 per cent, 
(c) 1-76 gr. copper = 2'20 CuO, gave 2-24 gr., an excess of 

004 gr., ^r 1-81 per cent, too much, 
(rf) 2500 gr. 01 a mineral, containing by a pi-evious ex- 
amination 45'31 pel" cent, copper, aflorded 17'64 gr. 
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■ calcined sulplmret, equivalent, if reckoned as GuO, to 
h-14'08 gr. metallic uupper, or 5632 per cent. TMb 
liOxide disBolved in nitric acid, and determined in the 
r 'Usual manner by precipitation by potash, with a.U pra- 
Vioautiona, gave 1410 gr. CuO = to 11'25 gr. me- 
,>-iallic copper, or 4504 per cent.; bo that in thia case, 
if the ignited sulphuret had been considered E'*Jxide, 
the quantity of copper present would have been over- 
estimated by more than ten per cent. 
The copper in all these cases was thrown down from its 
solution in nitric or hydrochloric acid, by a stream of sul- 
phuretted hydrogen, and worked with water impregnated 
with that gas. 

Again, in repeating these e^tperiments with nickel, equally 
uusatisfactory results were obtained ; thus — 

408 gr nickel, equivalent to 634 gr. NiO, afforded 6-96 
gr. incinerated sulphuret ; or an excess of 062 gr., equal 
to 9-7y per cent, too much. 

1035 gr. nickel, equal to 13 16 NiO, gave 1327 ; equal 
to O'll gr. too much, or 0'82 per cent. 

The nickel being in these cases precipitated from its solu- 
tion by hydro sulphuret of ammonium. 

It will also be noticed, that neither in the case of nickel or 
copper docs the excess appear constant, but perfectly un- 
certain in amount. With the hopes that the pure oxide 
would remain, on treating the ignited sulphuret with nitric 
acid, in the same porcelain crucible in which it had been in- 
cinerated, evaporating to dryness, and again igniting, so as 
to drive off the sulphuric acid formed, — this was tried, and 

1172 gr. of an alloy, containing by calculation 40'49 
per cent, copper was dissolved, the copper precipitated by 
sulphuretted hydrogen, washed and treated as above, yielded 
774 gr. impure oxide, equal, if considered as CuO, to 
6-179 metallic copper, or 52-72 per cent. ; -shewing an excess 
of above three per cent , arising from undecomposed sulphate 
of copper. 

Further trials in wJiich ihe oxides thus obUined wei-e very 
sti-ongly ignited, with a view to decompose thoroughly all 
sulphate present, afforded much better, and nearly if not 
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quite accurate results ; but the lieat required was found in- , 
conveniently great, and considerable difficulty was found in \ 
decomposing the last traces of sulphate ; in consequence, 
therefore, the method now about to be noticed was tried and 
found much more convenient in practice, and to alFord very 
accurate reeulta. 

Upon analysing the residue left after incinerating the ] 
siilphnrets produced by precipitating these metals, it was i 
foimd to consist of a mixture of the disulpburet and oxide ' 
of the metal, and containing a small amount of sulphate ; — 
this will be seen from the following results ;— 
(m) 13'27gr incinerated sulphuret of nickel (precipitated by ' 
hydrosulphuret of ammonium), yielded on analysis, 
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whicli shews a dill'erence of only0'02 gr. from the ob- 
tained results. Again, in case of copper, 
{/<) 2-24 gr. incinerated sulphuret of copper (precipitated by 
a stream of sulphuretted hydrogen), afforded — 
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which, upon calculatioD, ia equivalent to — 
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or an exceSB of -03 gr. above the quantities experimen- 
tally found.* 
Ab now the atomic equivalent of sulphur ia exactly double 
that of oxygen, that of the disulpliuret of a metal will of 
course be precisely the same as of its corresponding protoxide ; 
and this fact consequently enables us at once to calculate the 
amount of copper or nickel contained in a mixture of the 
disulphuret and oxide, however variable the relative propor- 
tions of these compounds may be, and it becomes only neces- 
sary to remove the small amount of sulphuric aeid present in 
the incinerated aulphureta, in order to determine the amount 
of the one or other metal present. 

The addition of a small amount of pulverised carbonate of 
ammonia to the incinerated sulphuret (as soon as cold), and 
then carefully heating until all aramoniacal salts are expelled, 
seems completely to effect this object, as will be seen from 
the following results obtained experimentally : — - 
(a) 4-30 gv. metallic copper, precipitated by the electro- 
type, were dissolved, precipitated by sulphuretted hydro- 
gen, and treated as above with all precautions. The 
mixture of CuO + Cu^S obtained, amounted to D-37 
gr., whereas by calculation it should have been 538 gr. 
ijj) 1-76 gr. same copper, similarly treated, yielded 2-21 gr. 
CuO + CujS, whereas by calculation it should have 
afforded 2-204 gr. 

■ Tha aquivalenta for nickel and coppei- employed in the preceding caleola- 
liODB bate been Ni = 29-67, Ca = 31-66. = 8, 8 = 18. 
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(f) 17-89 gi-. of Ml alloy containinf^ by calcntation 49'40 
per cent, copper, treated as above, yielded 11'12 gr. 
Cu + Cu^ S, equivalent to 8-878 Cu or 49-62 per cent, 
copper. 

(d) 761 gr. pure metallic nickel, pi-eeipitnted from its solo- 

tion by hydrosulphuret of ammonium, and treated as 
above, yielded 9-665 gr. NiO + Ni^S, or equivalent to 
"■607 gr. nitjiel. 

(e) A solution of 4 99 gr. nickel and 3-73 gr, copper was 

treated with sulphuretted hydrogen to separate the 
copper ; the nickel afterwards thrown down by hydro-sul- 
phuretofammonium, and both determined as above, gave 

6'34gr. NiO + Ni3S=4'98 gr. metallic nickel, 
and 4'70 gr. CuO + CUjS=3-75 gr. ... copper. 

As these results appeared extremely satisfactory, it seemed 
not unlikely that this process could also be extended to 
the determination of cobalt; and in consequence, 5-25 gr. 
pure metallic cobalt were dissolved in nitric acid, and neu- 
tralised by ammonia, then precipitated by hydrosulphuret of 
ammonium. The precipitated sulphuret, after washing, in- 
cineration, and ignition with carbonate of ammonia, weighed 
8'98 gr., and even after being several times aucceaaively 
heated with carbonate of ammonia, it weighed 8-68 gr,, 
whereas by calculation it sboulil only have yielded 6'67 gr. 
The residue, which was expected to have consisted of oxide 
and disuiphuret, appeared quite pink, and aggregated to- 
gether on each ignition, evidently containing a lai^e amount 
of sulphate of cobalt, which seemed most strongly to resist 
decomposition, and therefore it does not appear probable that 
this method could be employed in the determination of cobalt. 

From the results obtained with copper and nickel, it may 
be concluded that the process here described may safely be 
used in estimating these two metals; and, in a very large 
number of determinations of nickel, it has been found to 
afford the most accurate and satisfactory i-esults. 

In the case of copper, however, more attention must be 
paid to the details of the operation, as the protosulphuret of 
copper, especially in cases where free sulphur has been pre- 
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cipitated along with it, is very apt to aggregate together, iir 
oven fuse during the incineration (if this is not very carefully 
conducted), and, consequently, is less easily acted upon by the 
air during incineration ; this must be avoided, and the oxide 
should also not bo allowed to absorb hygi-ometric moisture 
before or dui'ing weighing. 

It will be found most convenient to add the carbonate of 
ammonia to the incinerated sulphuret in the same crucible in 
which it had been ignited, or rather to cover the ignited 
sulphuret with four or live times its volume of this salt, and 
then by means of a small agate peetle or glaaa rod to break 
up all grains and mix it well together by trituration, which 
can be easily effected without any loss whateverj as the super- 
stratum of carbonate of ammonia effectually prevents any 
particles flying over the side of the crucible. This, with ita 
cover loosely placed upon it, is now very gently heated, until 
nearly all ammoniacal salts are expelled ; then the heat is in- 
creased for an instant, and the whole, after cooling over sul- 
phuric acid, is weighed and estimated as usual. 



On the Origin of Slaty Cleavage. By Henry Clifton 
Sorby, F.G.S. Communicated by the Author. 

For several years I have devoted myself almost entirely to inves- 
tig&ting the physical structm-e of rocks, both on a. large scale, iu 
seen in tlie field, and by preparing sections of extreme thinness, 
capable of being examined with Che highest powers of the micro- 
scope. This latter subject has hitherto attracted little or no atten- 
tion, though the inspection of two or three thin sections will aome- 
times solve most important geological problems. Amongst other 
branches of the study, I have applied this method of reseai-ch to 
ascertain the origin ol' slaty cleavage, which, being obviously due to 
some peculiai-ity of structure, I thought might, in all probahilitj, be 
ijolved by that means. The examination of thin sections of slate 
rocks with high powers, and a comparison with those of similar 
mineral composition not possessing cleavage, have led me to form a 
theory to account for their difference of structure, materially diffei'ent 
from any yet propounded, and which, in my opinion, not only does 
so most sat is facto riiy, but also explains perfectly every fact that I 
Hill acquainted with, connected with tho subject. To enter fully 
into the witole would require a long treatise, and I shall therefore, 
on the present occasion, merely give a short outline of my general 
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FroltiSGor PhiliipB und Mr Daniel Sharpe liave shewa that ibe 
organic remains I'ouud in slate rocks indicate a chai)ge of their 
dim on si on s ; and k was thoir obeervationx which Brst led me to 
test the mechanical theory, as applied to explain the nituroscopt- 
cal structure. I am fully propiired to substantiate their observa- 
tions, and have also ascertained a number of other facts, proving, in 
an equally conclusive manner, that slat« rocks hare undergone a, 
great change in their mechanical dimensions, which change is in- 
variably related to the direction and intensity of the cleavage, and 
is such that the cleavage lies in the line of greatest elongation, and 
in a plane perpendicular to that of greatest compression. 

A most careful examination of very numerous contortions of the 
beds in slate rocks, in Korth Wales and Devonshire, has led me to 
conclude that they indicate a very considerable amount of lateral 
pressure, the thickness of the contorted beds being very different in 
one part to what it is in another. The accompanying figure will 
illustrate my meaning, where it will be seen that the thickness of the 
contorted sandy bed is about four times greater in those parts lying 
in the mean direction of cleavage than in those perpendicular to it. 

Vertical section seen in the Cliffs near nfraeomhe. North Devon. 
Scale, 1 inch to 1 foot. 



Fine-grained, dark coloured, shaly 
slate ; the bedding shewn by bands 
of coarser grain and lighter colour, 
which, in the upper part, are not 
contorted. The cleavage is well de- 
veloped, and dips about 60" to S. by 
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The diifei-vncL' in thickness of the beds in different parts o( the 
contortionB, and the doubling of the beda, which are necessafily re- 
lated to one another, give rise to what may be caUed an axis lor 
each oontoition ; which, from the nature of the caee, must lie in the 
line of greatest iliickening of the beds, and therefore shews the direc- 
tion of the greatest elongation of the mase of deposit, and is usually 
perpendicular to that of maximum pressui-o. Now I find that, 
though contiguous contortions may have their ases inclined at very 
various angles, even within a distance of not many yards varying by 
a right angle, yet the dip of the cleavage invariably agrees with 
them ; that is tosay, it does not pass through them dipping at a regular 
angle, as would most probably be the case if it was not due to a, 
mechanical cause, but, in each part, coincides with the line of great- 
est elongation. In the example figured, the axes of the various con- 
tortions are nearly parallel ; but it will be aeon that the cleavage 
coincides with them. 

In districts where the cleavage dips at a high angle, the contor- 
tions have also their axes similarly inclined ; whereas, when it is 
nearly horizontal, so also are their axes. 

In slaty rocks of very mixed structure, — as tor instance some in 
the north of Devonshire, — the greatly contorted beds are those which 
have only an indistinct or imperfect cleavago, and are of such a 
nature as not to have so readily undergone a change of dimensions 
as beds above and below them. 1 have frequently seen cases where 
such beds are contorted, so as to indicate a very great amount of lateral 
pressure and change of diniensiona, whilst the finer beds just above 
and below them are most distinctly seen not to have been contorted 
at all. The case figured illustrates thia in a very satisfactory man- 
ner. It would seem that a sandy bed had been forced into sharply 
curved contortions, and its dimensions altered in different parts by 
the pressure, as previously mentioned. The distance from the lower 
ends of the two principal contortions was, in a direct line, nine 
inches, whereas, measured in the line of the bed, it was thirty-eight ; 
and therel'ore these two points must at first have been about that 
distance apart, but were forced towards one another, so aa to be now 
at a distance of only one-fourtli that amount. Above and below the 
contorted sandy portion, the beds of fine-grained shaly slate are 
aomewhat disturbed, but in a distance of a few feet a 'e not at all 
so ; the thin bands of more sandy depo^iit being, as usual, only 
broken up into small detached portions, which appear as spots in a 
section perpendicular to cleavage in the line of dip, but as bands in 
its plane. This is only shewn in the upper side of the contorted 
bbd, but it was the same below it. Hence it appears to bo proved, 
as clearly as possible, that the finer beds have been stjueoKed to 
about one fourth of their original thickness, partly no doubt by ab- 
solute forcing together of their ultimate particles, but also by elon- 
gation in the line of dip of cleavage ; the general direction of which 
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suchlike 
coarser-grain «d buds in North Devonthire present , 
uDces. They are, in fact, aoulogous to what would 
of paper, for instance, was included in a mass of so 
matefial, which would readily change it^ dimensions. 
was then compressed in the direction of the length 
paper, it would be beat and puckered up into 
plastic material would readily change its dimensions, without euoh 
being the case ; aiid the dtFTerence in distance of the ends of the 
paper, as measured in a direct line, or along it, would indicate 
the chaJige in dimensions of the plastic material. 

The green spots so often seen in slate, do also most distinctly indi- 
cate a similar change of dimensions. I am persuaded that they have 
been concretions of a peculiar kind, formed round bodies lying in the 
plane of bedding. In rocks without cleavage, such green spots are 
almost perfect spheres, or are elongated in the plane of bedding. The 
facts seen in those in slate rocks, prove, I think, most clearly that 
they were exactly similar before the cleavage was developed. Now, 
however, they »L'e gi'eatlj compressed in a line perpendicular to 
cleavage, and somewhat elongated in the line of its dip. When 
they have been originally spherical, their long axis agrees with 
the dip of cleavage, both in its plane and perpendicular to it; 
whereas, if they have been originally more elongated In the 
line of bedding, their longer axis is inclined in such a manner 
as would then occur if they had been subsequently elongated 
in the direction ol' dip of cleavage ; that is to say, it does not now 
coincide with it, but deviates towards the plane of bedding. If, 
however, the stratification is perpendicular or parallel Lo the cleavage, 
the longer axis of the spots does agree with the dip ; or, if it cuts 
the plane of cleavage in the hne of true strike, then also, in the pUne 
of cleavage, the longer axis of the spots coincides with the line of dip. 
On the whole, all the facts agree most perfectly with what would oc- 
cui' if the spots had originally been similar to those in non-cleaved 
I'ocks, and the mass of date had been greatly compressed in a line 
perpendicular to cleavage, and somewhat elongated in the line of dip. 

Many of the finer-grained slates used for roofing, contain niiimte 
rounded grains of mica, seldom so much as xo^o-th of an inch in 
diameter, and usually much less, which are of nearly the same 
thickness as width, and not merely fiakes. When these are cut 
through in the thin sections used formicroscopical examination, they 
are seen to be compotied of many laminee, When the line of lamina- 
tion, — that of the crystalline cleavage of the mica, — coincides with 
the cleavage of the slate these round d grains retain their form unal- 
tered. If the lamination is perpe U cuiir to the cleavage, the roundi^d 
form still remains, but tl e Ian ii cc are generally net straight, being 
irregularly bi;iit in just s cl a n in cr as if tiiey had bet 
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^^^^Hi the direction perpendicular to tlie cleavage of the slate. 
I^^^^^owever, which lie with tlieir laminatian at intermediate 
I^^^^L Tor instaiioe at 30° or 40" to the clearnge of the slate, do 
^^^^H their original form, but are bi-oken up and extended out 
^^l^ftine of their lamination, in just Guch a manner as would 
^mHBie dimenaions of the slate bad been changed, as previously 
mentioned. If carefully drawn with a cairiera lucida, these brokeu- 
np grains cen be, as it were, restored to their original form, and the 
amount of change of dimensions calculated with great accuracy. 

Hence, therefore, in cleaved roeka, whether we examine the 
diminution in the distance between any two points lying in the hne 
of pressure in contorted beds, the dimenaions of the beds in differ- 
ent parts of contortions, the organic remains, the green spots, or the 
very minute rounded grains of mica, we find most conclusive evidence 
of an elongation in the line of dip of cleavage, and of a great com- 
pression, invariably in a line perpendicular to the cleavage. 

The relation between the compression and elongation varies in 
different roclu, as would necessarily follow from their different com- 
position. Tho examination of the spots on fine-grained, good 
roofing slate furnishes the best evidence of the absolute condensation 
in a direction perpendicular to cleavage. If they had originally 
been spheres, and if there hod been no condensation of the rock, 
but only a change in its dimensions, so that, though its thickness 
was reduced, it was elongated to a corresponding extent in the line 
of dip of cleavage, it would necessarily follow that their area would 
not be changed in the piano perpendicular to cleavage in the line of 
its dip. Thei'efore, if, in the plane of cleavage, the length of the spot 
in the line of dip bore a certain proportion to that in tlie line of 
strike, in the plane just mentioned, the ratio of the length of the 
spot, in the direction of cleavage, to that perpendicular to it, would 
be as the square of that in the former case. Very numerous and 
accurate measurements, in the very perfectly cleaved slate near 
Penrhyu and Llanberis, shew that, in the plane of cleavage, the 
length of the spots in the line of dip exceeds that in the line of 
strike in the proportion of 1-6; 1; whilst in the plane perpen- 
dicular to cleavage, in the line of dip, their length in the line of 
cleavage is six times greater than perpendicular to it. In the plane 
perpendicular to cleavage, in the line of strike, the ratio between 
the length of the spots in the line of cleavage to that perpendicular 
to it, would be 6 : 1-6 — 3-75 : 1. These results are obtained from 
" so many and various cases, that the effects of bedding, in such regular 

spots as I chose, would he so slight as not to be of any material 
consequence, If no condensation had occurred, the ratio of the a 

I in the plane perpendicular to cleavage would have been as 2-&6 : 1, 
instead of 6 : 1 ; and hence there must have been an absolute com- 
pression from 100 to about 43, from the nature of the facts, the 
chances are that it is, if anything, rather too great; and hence. 
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probaUj, the true aventgo abtioluto condensation in such 
been to about one-half uf the originnl volume. Thia 
rBGultod chiefly from the forcing of ibe particles 
gether, so as to 611 up the spaces left between them, 
touching OBcli other ; and their very close pa< 
sections, agrees well with this suppesitioa. 

These amounts of change of dimensions vary considerably in dif- 
ferent cases, but they agree most perfectly with that indicated by 
the contortions of the beds in their immediate vicinity, and also 
most closely correspond with that deduced from the breaking up of 
the rounded grains of mica. 

The power most generally useful in examining slate recks, ts 
about 400 linear ; but higher and lower are of course valnable for 
particular purposes. It is almost indispensable to am a polarizing 
microscope, and there should be such contrivances as to give a good, 
bright, polarized light with high powers. The physical stnictura 
and optical properties of the minerals found in them, are such that 
they can be identified with great certainty, even when in grains lesB 
than Ti,'i)i;th of an inch in diameter. 

Some slate rocks, as for instance the pencil slate of Shap, consist 
almost entirely of i-ounded grains and minute flakes and granules of 
mica, varying from about yjjjtli to rij.Vff^th of an inch in diameter, 
but chiefly under yij^^th. I do not believe that this is in the least 
due to mttamorphism, but has been a deposit of micaceooa mud, 
for the rounded grains have every character of being water-worn ; 
and in the limestone of Khiwlas near Bala, which consists almost 
entirely of such grains and flakes of mica, and fragments of en- 
crinites, their organic structure is as perfect, or even more so, than 
in any limestone with which I am acquainted, though 1 have pre- 
pared and examined thin sections of several hundred specimens of 
every geological period ; and so much so, that any material amount 
of metamorphism Js wholly out of question. When deposits of 
decomposed felspar have been acted on by great heat, they arc, as it 
were, baked into a natural porcelain, but no such grains of mica are 
formed. Usually, besides mica, there is found in good roofing slate, 
like that at Penrhyn, a certain proportion of decomposed felspar, a 
few minute grains of quartz sand, and granules of phosphate of iron. 
The red tint is produced by the presence of very numerous minute crys- 
tals of peroxide of iron, and the dark by those of pyrites. From such 
slate there is every gradation to those containing little or no mica, 
but made up of more or less line quartz sand, and decomposed felspar, 
in very variable proportion; but tliese have only an imperfect 
cleavage. Other slatts, as is well known, contain much chlorite 
and other minerals. On the present occasion I shall chiefly con- 
fine myself to the consideration of such slate as has a perfect cleavage. 

If a thin section of a rock not having cleav^e be examined, which 
has a similar miueral composition to those which, when having It, 
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form good slates, it will be ^een that tho arrangement of tUe pai-ticlci« 
ia very different. For instaooe, the well-known Water of Ayr stono 
has no cleavage, liut shews nioi-e or less of bedding. It consistE of 
mica and a very few grains of quartz sand, imbedded in a large pro- 
portion of decomposed felspar ; the peroxide of iron being collected 
to certain centres, and having the characters of peroxidised pyrites. 
The flakes o!' mica do not lie in the plane of bedding, but are in- 
clined tolerably evenly at all angles, so that there is no definite line 
of structural weakness. Independent of that due to bedding ; which 
results chiefly from alteniations of layers of somewhat difl'erent com- 
position, and not from the arrangement of the ultimate particles. 
This is however totaUj different in a rock of similar composition 
having cleavage. If a section be examined, cut perpendicular tu 
cleavage, in the line of it^ dip, it will be seen that though some ol' 
the minute flakes of mica lie perpendicular to the cleavage oral high 
angles to it, by far the larger part are inclined at low, so that the 
majority lie within 20° on each side of it. In fact they are most 
nnmerouE nearly in the plane of cleavage, and gradually but rapidly 
diminish in quantity in passing to higher angles, so that there are 
twenty times as many nearly in the plane of cleavage as at 45° to it, 
and very few at 90°. Where a section is examined, cut perpen- 
dicular to cleavage, in the line of the strike, it is seen that the ar- 
rangement is similar, hut there is not near so rapid a diminution of 
thu members in passing from the line of cleavage, so that there are 
comparatively Eeveral times as many more inclined at about 45° to 
it) than when the section is in the line of dip, and those at stiU 
higher angles are also much more numerous. In a section in the 
plane of cleavage, but few flakes are cut through so as to have a 
greatly unequiaxed form ; but thoy are similarly arranged with r 
spect to tile line of dip, though not ii 
not merely the larger flakes of mic 
the whole of those unequiaxed par 
before the cleavage was developed. 

When a cleavage crack in the thin sections is oianiined, it is 
clearly seen that the cleavage is due to the abuve described arrange- 
ment of the particles, which it follows most perfectly ; not passing 
straight forwards, but turning about according to the manner in 
which the ultimate particles he in every part. It therefore appears 
that the fissile character of slate is due to a line of structural weak- 
ness, brought about by the manner of arrangement of the ultimate, 
unequiaxed particles. The natural cleavage cracks, of course, bear 
the same relation to this arrangement as those so often seen in 
many crystalline bodies do to that of their ultimate atoms. They 
appear, in general, to have been mainly due to meteoric agencies ; 
their position having been determined by tho structural weakness. 
In accounting, then, for so-called slaty cleavage, it is only requisite 
to shew how such particles could have had their position so changed 
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tliat thuir urraiigeiiient sliould be altered from that fuund in rocks J 
not having cleavage to that in thui^e having it ; which explanation 
niUBt of course be such as would agiee with everv other Tact i 
neoted with the subject. 

Now I trust I have already shewn that there is abundance of'\ 
eridence to prove tliat rocks having slaty cleavage have been greatly ^ 
compressed in a Hue perpendicular to cleavage, and elongated to a < 
certain extent in the line of its dip. Taking for the amount of these 
ch inges those I have already mentioned for the slate of Penrhyn and 
Llanberis, it is easy to calculate mathematically what would be the 
arrangement of the unequiaied particles in such a rock as Water of 
Ayr Htone, if its dimensions were so changed. Supposing that A = 
the angle of inclination of the longer a\is of any unequjaxed particle ,i 
to the line along which the maximum elongation would occur, and ] 
that a = this angle after it had taken place, we should have, per- 
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n the plane of cleavage, tan a =^ 
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From these relations it necessarily follows that the particles 
ly such a 



would then be arranged in precisely such a manner as is seen to he 
the case in such a rock having cleavage, the agreement being most 
perfect in every particular, both in kind and amount, as seen in sec- 
tions cut in each direction. 

Though such calculations may be fully relied on, yet, to satisfjr 
myself that they were correct, 1 have tetted them by actual experi- 
ment. Having mixed some scales of oxide of irun with soft pipe- 
clay, in such a manner that they would be inclined evenly in all di- 
rections, like the Qakes of mica in Water of Ayr stone, I changed 
its dimensions artificially to a similar extent to what has occurred 
in slate rocks. Having then dried and baked it, I rubbed it to & 
perfect flat surface, in a direction perpendicular to pressure and in 
the line of elongation, whith would correspond to that uf dip of 
cleavage, and also, as it were, in its strike, and iii the plane of 
cleavage. The particles were then seen to have become arranged in 
precisely the same manner as theory indicates that they would, and 
as is the case in natural slate ; so much so, that, so far as their 
arrangement is concerned, a drawing of one could not be distinguished 
from that of the other. Moieovei, it then admitted of easy fracture 
into thin flat pieces in the plane corresponding to the cleavage of 
slate, whereas it could not in tli<tt perpendicular to it. " 
clay which has but few vtry miequiaxed particles, a most distinct 
lamination is produced by changing its dimensions, as described 
above, but it would not (.leave perfectly, no more than will natural 
slate of similar mineral cumposinon, and moroovvr one cannot ob- 
>m. their firm, uniform structure. 
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and this fact is therefore yerygood evidence of the slate having 
had originally such a structure as would be changed into its present, 
ifits dimensions had been altered in the manner and to the extent in* 
dicated by the breaking up of other rounded grains of mica seen in 
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What I therefoi'e contend is, that there Is abundanceof proof that 
slate rocks have suffered such a change of dimensions, as would ne- 
cessarily alter the arrangement of their ultimate particles from what 
is found in rocks not having cleavage to that in those which have, 
and hence develop a line of structural weakness in the direction in 
which it really does occur. 

Some slates have a, very poor cleavage, although their mineral 
composition is similar to that of such as often have a most perfect. 
In these the green spots indicate a comparatively small change of 
dimensions ; and in others having no cleavage, the contortions and 
Spota shew that little or none has occurred. Whence it should ap- 
pear that the porfection of cleavage depends both upon the ultimate 
mineral composition, and the amount of change of dimensionsof the 

When slates are. composed of alternating beds of different charac- 
ter, the cleavage almost always does not pass straight through them, 
but lies nearer to the plane of bedding in the finer-grained and more 
perfectly cleaved varieties. When the cleavage cutsthe beds at a mode- 
rate angle, this difference is often very considerable; but where the bed- 
ding is perpendicular or parallel to it, there is little or no variation. 
When the change in mineral structure of the beds is sudden, the in- 
clination of their respective cleavages is sharp and angular; but if 
it be gradual, it passes from one to the other in a curve. These facts 
are most easily explained by this theory. When such a mass of 
rocks was compressed, certain beds would yield much more readily 
than others, both to absolute compression and elongation. In such 
contortions of coarse-grained beds interstrati&ed with fine, as that 
figured, the fact of them being so whilst the fine are not, and the 
spreading-out arrangement of the cleavage planes in the finer, at the 
vertices of the contortions of the coarser, as shewn in the figure, 
prove that they did not admit of so much absolute compression as 
the fine. In uncontoned alternating beds of such characters the 
amount of elongation in the line of dip could not vary, and, there- 
fore, it would necessarily follow that the more compressible would 
be more compressed in the plane of bedding than the others. Hence, 
(he line of cleavage would lie more towards that plane in the fine 
than in the coarser, the junction bein^ angular or curved, according 
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OS the nature of the beds changed suddunly or gradually, as its rualln 
found to be the case. 

The inequalities at the Junctiuns of difTerent kinds of beds, and 
the peculiar wrinkling of their surface, agree perfectly with this 
niecliaoical theory. I hare examined sections cut in the plans of 
bedding perpendicular to the cleavage, and find that the arrange- 
Dient of thu particles corre^iponds to the wrinkles, and is just sucb 
as would neceasarilj occur if there had been an irregular giving way 
or the rock so as to form them. 

If the dirrction of the cleavage be examined in the various parts 
of the case figured in this memoir, I cannot conceive how they could 
possibly he explained, except by such a theory as I am now advo- 
cating. In the coarser-grained sandy bed it coiucidt 
of all the contoilions, and is in the lino of greatest elongation of the J 
thickness of the bed, and perpendicular to the line oP pressure. It " 
is arranged in fan-shape in all the contortions, as though they had 
been squeezed together after the sandy bed had suflfered as ranch 
compression as it admitted of. The cleavage in the fine-grained beds 
at some distance from the contorted one, is pejpendicular to the 
line of s'jiiee^ing, as indicated by its puckering up, and the " 
and diminution of its thickness, in passing round the contortions ^ 
but when approaching their rounded ends, though the cleavagoT 
passes straight forward in the line of their axes, it spreads ont ' 
on each eido, and curves down into the sharp-ended spaces be- 
tween then), in just such a manner as would necessarily occur if tho 
CO areer -grained bed had been less compressed than the other. It 
would also follow, that the above-mentioned fan-shaped arrangement 
would be of greatest amount in such beds as offered much resistance 
to change of dimensions, whereas in fine-cleaved slates it would be 
very small, or even not occur at all ; and such is the fact observed 
in the rocks themselves. It would also necessarily follow from this 
theory, that the strike of the cleavage would usually coincide with 
the general strike of the beds, and be parallel to the main axis of 
elevation of the district, as has been found to be so commonly the 
caso. The dip of the cleavage planes over any extensive district 
would likewise be as has been observed. The structure of the so- 
called double -cleaved slate admits of most easy explanation, as do 
a number of other facts connected with the subject ; and, so far as I 
am aware, there are none which cannot be explained by this theory, 
or by suppositions most perfectly reconcilable with it. 

It may perhaps be objected that the cleavage of slate is too regular 
and parallel in its range over a given district, to agree with the s. 
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e to the cause I have suggested ; but I think 
there is abundance of evidence to shew that such a physical change 
of dimensions has really occurred with the kind of regularity observed 
in respect to the cleavage planes. Such roetamorphic schists as 
those of the north-east of Anglesea, have a peculiar linear graining 



Oriffin of Slaty 



147 



I 



on the nurfiice of their beds, but no true cleavage. This linear grain- 
ing is due to Email puckerings of Che beds, and may be called " plica- 
tions of the first order." They are not parallel to other sots of 
jilieations which hare ooourrcd after their formation. I have care- 
fully examined their direction over a considerable area, and bid them 
down on a map, and find that they trend parallel, or turn gradually 
about, in precisely the same manner aa the strike of the cleavage 
planes in tlate rocks. Similar facts have been often observed with 
respect to larger contortions. There can be no doubt of the mecha- 
nical origin of both these k-inds of plications, and hence we have 
evidence to shew that wide districts have been conipressed laterally 
in just such a manner as would produce a similar arrangement of the 
strike of the cleavage planes in rocks of such a character as have 
had cleavage developed, when they have suffered similar compression 
under< somewliat different circumstances. It has also been urged 
against this theory, that if masses of rock of different kinds had been 
compressed, they would not have given way uniformly. This, how- 
ever, must have arisen from some misapprehension of the real ar- 
rangement of the cleavage in such rocks ; for, as I have shewn, the 
facts prove that they have not given way uniformly, and this very 
circumstance explains many of its irregularities. 

Perhaps it may be said. How is it possible that hard rocks could 
have had their dimensions changed to the extent described? To 
this I would reply. If the rocks be examined, it will be seen that it 
really has occurred, and I would suggest that solidity is but a com- 
parative property, and that the intensity of the forces in action during 
the elevation of a range of mountains, could gradually change the 
dimensions of rocks ; for it is well known that many hai-d and brittle 
substances will admit of such movements, as for instance the ice of 
glaciers, and hai'd and brittle pitch. 

I would now ask, IIow is it possible to reconcile all the mechani* 
cal facts I have described, which are so clearly related to the clea- 
vage, with the supposition of its being due to electrical action, or any 
other non-mechanical cause ? If I be not greatly deceived, they all 
form a most complete whole, if viewed in the light I have placed 
them ; whereas, so far as I can see, they are quite incomprehensible 
on the latter supposition ; nor, so far as I can learn, have its most 
lealous supporters ever given any satisfactory reason for the manner 
of distribution of the cleavage planes, even assuming them to be as 
regular and uniform as some authors appear to describe them. Mr 
Bharpe's theory, of course, only differs from mine in his assuming 
that the particles have been really compressed ; whereas I am per- 
suaded, that in general they have only suffered a atange of position. 
This, however, no doubt resulted from the different method of research 
I have adopted. It would however, cause me to extend this com- 
munication to too great a length, to enter fully into all these questions, 
or describe many other facts I have observed connected with the sub- 
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ject. My object, in the present memoir, is to give a roo^ oi 
of my observations and tlioories ; and tliougli I have greatly exceeded -l 
mj proposed limits, yet I fear that many points will liare been Sax J 
from clearly understood ; for to explain them all thoroughly would T 
require much detail and numerous illust rations. 



Colonel SaUne on the Determination of the Figure and 
Dimensions of the Globe. 

The determination of the figure and dimensions of the globe, 
which we inhabit may justly be regarded as possessing a very 
high degree of scientifie interest and value ; and the meaaore- 
ments necessary for a correct knowledge thereof have long 
been looked upon as proper subjects for public undertakings, 
and as highly honourable to the nations which haye taken 
part in them. Inquiries in which I was formerly engaged^ 
led me fully to concur with a remark of Laplace, to the effect 
that it is extremely probable that the first attempts were 
made at a period much anterior to those of which history has 
preserved the record ; the relation which many measures of 
the most remote antiquity have to each other and to the ter- 
restrial circumference strengthens this conjecture, and seems 
to indicate, not only that the earth's circumference was known 
with a great degree of accuracy at an extremely ancient period, 
bat that it has served as the base of a complete system of 
measures, the vestiges of which have been found in Egypt 
and Asia. In modem times the merit of resuming these in-' 
vestigations belongs to the French nation, by whom the arc of 
the meridian between Formentera and Dunkirk was measured 
towards the close of the last century. The Trigonometrical 
Survey of Great Britain, commenced in 1783, for the specific 
object of connecting the Observatories of Greenwich and 
Paris, was speedily expanded by the able men to whom its 
direction was then confided, into an undertaking of far greater 
scientific as well as topographical importance, having for ita 
objects, on the one hand the formation of con-eet maps of 
Great Britain, and on the other the measurement of an arc of 
the meridian, having the extreme northern and southern 
joints of the Island for its terminations. A portion of thw. 
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arc, amounting to 2° 5Cy, viz. from Dimoose in tLe Isle uf 
Wight to Clifton in Yorkshire, waa published in the Phil. 
Trans, in 1803. As the whole ai-c, extending from Dunnose 
to Unst and Baita. the moat northern of the Shetland Islands, 
would comprise more than 10°, and as nearly half a century 
had elapsL-d since the publicatiou of the earlier part of tlie 
surve}', it is not surprising that some degree of impatience 
should have been felt, both by those who desired the results 
for scientific use, and by those who were interested for the 
scientific character of the nation, that the general results of 
the survey applicable to scientific purposes should at length 
be given to the world. Accordingly, at the Birmingham 
Meeting of the British Association in 1849, a resolution was 
passed appointing a deputation to confer with the Master- 
General of the Ordnance, and a similar resolution was passed 
about the same time by the President and Council of the 
Eoyal Society. On communicating with the Master- Genera I, 
it appeared that the want of special funds for the requisite 
calculations formed the only obstacle, a dil&culty which was 
happily immediately surmounted by an application of the 
President and Council of the Royal Society, to Loi-d John 
Russell, then First Lord of the Treasury. The report of the 
Council of the British Association to the General Committee 
at the meeting of the last year at Ipswich, contained an offi- 
cial statement from the In specter- General of Fortifications 
of the progress of the reduction and examination of the ob- 
servations preparatory to the desired publication, and con- 
cluded with expressing the expectation of the director of the 
survey, that he " should be able to furnish for communication 
to the British Association that would probably assemble in 
1852, the principal results obtainable from the geodetic 
operations in Great Britain and Ireland." By a recent letter 
to my predecessor from Captain Yolland of the Royal E 
gineers, who is intrusted with the direction of the publication, 
I am enabled to have the pleasure of announcing that the 
" printing of the observations made with the zenith sector, 
for the determination of the latitudes of stations between tlie 
years 1842 and 1850, is finished, and will be presented in 
time for the meeting of the British Association, and tliat the 
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calculations connected with the tri angulation are rapidly ad- 
vancing towards their completion." 

In the meantime, the great arc of EaBtem Europe has been 
advancing with unexampled rapidity, and to an extent hitherto 
unparalleled. Originating in topographical surveys in Esthonia 
and Livonia, and commenced in 1816, the operations, both 
geodesical and astronomical, have been completed between 
Izma'il on the Danube and Fiigleness in Finnmarken, an ex- 
tent of 25J meridional degrees. Next to this in extent is 
the Indian arc of 21° 21' between CapeComorin and Kaliana; 
and the third is the French arc already referred to, of 12'' 22'. 
It appears by a note presented to the Imperial Academy of 
Sciences at St Petersburg by M. Struve, that a provisional 
calculation has been made of a large part of the great arc of 
Eastern Europe, and that it has been found to indicate for 
the figure of the earth a greater compression than that de- 
rived by Besael in 1837 and 1841, from all the arcs then at 
his command, — Bessel's compression having also been greater 
than Laplace's previous deduction. It is natui-ally with great 
pleasure that I perceive that the figure of the earth derived by 
means of the measnrement of arcs of the meridian, approxi- 
mates more and more nearly, as the arcs are extended in 
dimension, to the compression which I published in 1825 aa 
the result of a series of Pendulum Experiments, which, by 
the means placed by Government at ray disposal, I was en- 
abled to make from the equator to within ten degrees of the 
pole, thus giving to that method its greatest practicable ex- 
tension. — Address to ike Briliek Associaiioti at Belfast. 



On the Distribution of Heat at the Surface of the ^'wn. 
By Professor SBCCfii 

1. The heat of the solar image is at the centre almost 
twice as great as at the borders. This is found to be true, 
examining the diameters both in right ascension and decli- 
nation. 2. The maximum of temperature did not appear 
be at the centre, but above it, in a point distant from it about 
3' of geocentric declination. Constructing graphically 
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curve of the intenaity of heat, taking a,s absciaase the parts 
of the sun's diameter, and aa ordiiiatEe the intensities them- 
selves, it appears that this curve (a kind of inverted para- 
bola) is not symmetrically disposed about the axis of the 
ordinates, but a good deal inclined towards the upper edge. 
I subjoin some numbers which represent the intensity of 
heat in the parts of the diameter of the sun, taken in minutes, 
+ above, and — below the centre of the image. 

PoiitioDEonthadiBmeCer i 

oftheami in decllna- +14:'-96 + ll'-32 +3'00 +1'32 -10'-9 -U'-tiS 

Relative inlBiialty of heat, B7'39 8B-81 10000 9913 81'32 54-34 

These are the results of eight series of experiments, none 
of which is found in contradiction with the others, and their 
separate numbers are very nearly the same, so that the fact 
seems to me completely ascertained. It is certainly curious 
that the maximum of heat corresponds with the position of 
the solar equator, as visible from the earth at the epoch of 
the experiment {20th, 21st, 22d March). This leads natu- 
rally to the conclusion that the solar equatorial regions must 
be hotter than the polar regions, as was suspected already 
from the more frequent apjieai'ance of the spots there. The 
conclusion seems perfectly accurate, even admitting a solar 
atmosphere, since the effect of fhis last should be to diminish 
Hymmetrically the radiation around the centi-e of the image ; 
on the contrary, if the polar regions are leas hot than the 
equatorial, the intensity of heat should have been less in 
the lower part of the image, where the south pole of the sun 
was visible; and consequently, the parts having equal dis- 
tance from the centre of the image, liad a very difl'erent 
heliograph ical latitude, on account of the inclination of the 
solar axis to the ecliptic. From these principles only, the 
non-symmetry of the curve is accounted for. If this alone 
is the cause, the curve will be found symmetrical in the 
months of June and December, and reversed in September, 
since in the two former the equator passes through the centre 
of the image, and in the last is below it But it is not im- 
possible that the two solar hemispheres should possess diffe- 
rent temperatures, as seems to be tlie case on the earth, and 
ia suspected in Mars. It' this is the case, these researches 
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will throw aome liglit on the climatology of the earth itself; 
since the heat of the sun must be different, according as one ^ 
or other of ita polea is turned towards the earth. Future 
experiments will resolve this question. With respect to the 
poles of the sun, I shall add here a conjecture on a fact re- 
cently discovered by Colonel Sabine. The journal Institut 
relates that this gentleman has found that the deviation of 
the magnet from ita mean position at the Cape of Good Hope 
18 found to be in opposite directions at the epochs of the two 
equinoses. Might this not be an efffct of the solar magne- 
tieal polarity on the terrestrial magnetism. The fact deserves . 
to be examined, if it takes place in our hemisphere, and in 
opposite directions. Coming again to the solar heat, I have 
found that spots seemed less hot than the rest ; but as only 
small groups of them were visible, no singular fact or law 
can be stated from these observations. I shall conclude this 
account by noticing an odd historical coincidence, namely, _ 
that these observations were made in the same room where 
it is said F. Schemer, the first who used a telescope mounted | 
equatorially, made his observations of the sun. This room 
has been this year added to the observatory. — Proceedings 
of the Royal Astronomical Sotnefy, November 1852. 



On tite Mean Density of the Superficial Crust of the Earth. 
By M. Plana. 
The researches of geometers have established, beyond 
doubt, that the density of the earth increases towards the 
centre. Assuming the densities of the successive strata to 
increase in arithmetical progression, Laplace has investi- 
gated the constant amount of increase for each successive 
stratum, and has hence deduced the mean density of the ter- 
restrial spheroid (Mec. Cel., tome v., liv. xi.) In his re- 
searches on this subject, he supposes the density of the super- 
ficial stratum (g) to be three times the density of the sea, 
considered equal to unity. He remarks that this assumptioo 
agrees very nearly with the density of granite. His expres- 
fiion for the density of any stratum is, 

? = (?)(! + «-< "), 
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in which a denotea the radius of the Btratum (the mean 
radius of the superfleial etratum being supposed equal to 
unity), and e the constant quantity by whicli the depth of 
each successive stratum ; 1 — a is to be multiphed confonn- 
ab!y to the assumed law of density. Admitting the ellipia- 
city of the earth to be equal to 0'00326, Laplace found the 
value of fi to be 2'349, and hence determined the mean den- 
sity to be 4'764. This value differs considerably from the 
results which Reich and Eaily have deduced from their ex- 
periments with the balance of torsion ; the former having 
obtained 5'44, and the latter 5'6604, for the mean density of 
the terrestrial spheroid, the density of pure water being sup- 
posed equal to unity. 

The remarks of Humboldt on the density of the superficial 
stratum of tlie earth, contained in the first volume of his 
Kosmos, would seem to imply that the value of this element 
assumed by Laplace is erroneous. He states, that from the 
nature of the rocks which constitute the superficial strata of 
the solid parts of the globe, the density of continents is 
hardly 27 ; and he hence infers, that the mean density of 
continents and seas taken together does not amount to 1-6. 
The researches of Plana, contained in the note above referred 
to, serve to confirm this conclusion. Supposing the ellipti- 
city of the earth to be represented by 0'00326 (1 - 0-008479), 
he has found that the mean density 5*44, and the initial den- 
sity I'C, may be satisfactorily accounted for. The ellipticity 
derived either from actual measurement or from researches 
on the lunar theory, cannot be regarded as sufficiently trust- 
worthy to render the value here assumed inadmissible. On 
the other hand, if the ellipticity be supposed equal to 0'00326, 
the mean density deducible is 4-76 ; a result which is incom- 
patible with the precision of the experiments made for the 
purpose of determining this element. — Proceedings Aetron. 
Soc, Dec. 1852. 
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Lieutenant Maury's Plan for Improving Navigation; with 
Remarks on the Advantages arising from the Pursmt of 
Abstract Science. Extracted from Loi-d WrotteBley'a 
Speech in the House of Lorda, on 26th April 1853. 

" It is time that I should now explain how theae charts are 

constructed and routes discovered. The whole ocean ia 
divided into squares the sides of which represent 5° of longi- 
tude and 5° of latitude ; in the midst of theae squares the 
figure of a compass is drawn, with lines representing sixteen 
of the compass points, tlie intermediate points being omitted; 
the log-books are then searched for observations of the direc- 
tions of winds and of the proportion of calms in each of 
these squares. In the centre of each compass so drawn are 
pliiced two numbers, one representing the total number of 
observations obtained in the square, the other the per-cent- 
age of calm days. By the side of each of the lines repre- 
senting the sixteen points of the compass, are written num- 
bers which denote the per-centage of the winds that have 
been found to blow from that quarter, and at the extremity 
of each line are numbers, which shew the per-centage of 
miles a ship will lose if she attempt to sail 100 miles through 
that particular square, in the particular direction indicated 
by the line in question. Now that number is obtained as 
follows : — 

" By the resolution of simple problems in sailing, it is 
known that if the wind will not allow a ship to lie within six 
points of her course, that is, if it be a head wind, she will lose 
62 miles (omitting fractions) in every 100 that she sails, or, in 
other words, after sailing 100 she will only have made 38 good 
in the wished-for direction ; in like manner, if she can sail 
within four points, she loses 2J miles, and if within two points, 
only eight Having therefore the per-centage of winds that 
will make such deviation from the desired course necessary, 
it is easy by a common proportion to calculate the total 
amount of space lost or detour (as Maury calls it) for every 
eiveii direction, for every 100 miles sailed within the square, 
en a course baa to be traced, therefore, all the squares , 
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are carefully examined, and by a very laborious ayatem of 
trial and eiTor, the combination of squares is found which 
gives the route moat likely to succeed, by ascertaining those 
through which the loss is a minimum. I say most likelif, 
for of course this is only a problem of chances, and the event 
may be adverse, as in the case of insurances, but is less 
likely to be so as observations are multiplied. I should ex- 
plain that in performing this process, currents and calma are 
taken into account, and that there are separate compasses 
drawn, and separate routes traced for each of the twelve 
months of the year ; for though the winds are assumed to be 
so far constant for individual months as to give an average 
on which some reliance may be placed, when the number of 
observations is sufficiently large, this is byno means the case 
thoughout the whole year. When the twelve compasses have 
been delineated and filled up, they are combined, by a pecu- 
liar and neat arrangement of the numbers within concentric 
circles, into one, and a chart of the ocean, containing these 
combinations, is termed a, pilot chart. 

"Lieutenant Maury is anxiona to obtain at least 100 ob- 
aervations per month in each square, which will be more 
than a million and a half for the whole ocean, and a less 
number seems certainly not sufficient to give a result in 
which confidence can be placed. As might be expected, in 
some squares he has obtained a great many more than this, 
and in some none at all ; in the square e. g. which adjoins 
New York, he has obtained 4,387 observations; but there 
is a large space of ocean seldom traversed by ships, that e. g. 
between the southern extremities of Africa and America, in 
which the squares are all blank. Now, my Loi-ds, I think 
those blank squares are a reproach to the civilisation of the 
present age, and I say so on this principle, that it is our 
duty not to rest satisfied till we know all that can be known 
about the globe we inhabit, that can be rendered in any way 
profitable to our common species ; and therefore I think that 
the principal maritime nations should share the labour of ex- 
ploring these vacant spaces, for no doubt shorter routes 
might be discovered through them, and others matters ascer- 
tained, to which 1 shall presently allude. However, it is no 
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part of Lieutenant Maury's plan, as such, to send out survey- ] 

ing expeilitions. I 

" Now. your Lordships will of course understand that otTiCr ] 
things besides the directions of the winds are contained in 
these log-books, and thene matters not contained in ordinary 
records of this kind ; but I thouglit it better to keep that . 
division quite distinct, as it is the winds that form the chief 
guide in devising the new course. Hydrography is of two 
kinds, — that which consists in accurate sui'veya of harbours 
and coasts, which may be called more properly ' maritime 
surveying,' and that wbicb consists in recording all the i 
phenomena of a scientific character which are observed at i 
sea, in what sailors call ' the blue water," i. e. out of ordi- 
nary soundings. Among these the most important, exclusive I 
of astronomical and meterological observations, properly so , 
called, are the force and set of currents, and the temperature 
and depth of the water. The American masters are instructed 
to immerse a thermometer in the water, and take the tem- 
perature of the ocean at least once a day, and to examine, as 
often as convenient, the force and set of currents, and also to 
try for deep sea soundings." 

Report of the Royal Society on Lieutenant Maury's Scheme. i 

'* Short as is the time that this system has been in opera- ' 
tion, the results to which it has led have proved of very great 
importanceto the interests of navigation and commerce. The 
routes to many of the moat frequented ports in different parts 
of the globe have been materially shortened, that to St 
Francisco in California by nearly one-third : a system of 
southwardly monsoons in the equatorial regions of the At- 
lantic and on the west coast of America has been discovered ; 
a vibratory motion of the trade-wind zones, and with their 
belts of calms and their limits for every month of the year. 
has been determined : the course, bifurcations, limits, and 
other phenomena of the great Gulf-stream have been more 
accurately defined, and the existence of almost equally re- 
markable systems of currents in the Indian Ocean, on the 
coast of China, and on the north-western coast of Amenoa and 
^^iMwhere, has been ascertained. There are, in fact, very few 
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departments of the science of meteorology and hydrography 
which Imve not received very valuable additions ; whilst the 
more accurate determination of the parts of tlie Pacific Ocean 
where the sperm-whale is found (wliich are very limited in 
extent), as well as the limits of the range of those of other 
species, has contributed very materially to the success of the 
American whale fishery, one of the most extensive and pro- 
ductive of all their fields of enterprise and industry." 

Lieutenant Maury is enthusiastic in the cause. He sees the 
benefits that must arise from the extension of this system of 
observation, and he invites the co-operation of all maritime 
nations ; but to which does he look with the most longing 
eyes and the best hopes of success 1 Of course to the nation 
of whom the poet sings — 



To his brethren at this side of the Atlantic. What do the 
Royal Society say on this point ? 

" JJut it is to the government of this country that the de- 
mand for co-operation, and for the interchange of observa- 
tions, is most earnestly addressed by the government of the 
United States ; and the President and Council of the Royal 
Society express their hope that it will not he addressed in 
vain. We possess in our ships of war, in our packet service, 
and in our vast eommercial navy, better means of making 
such observations, and a greater interest in the results to 
which they lead, than any other nation. For this purpose, 
every ship which is under the control of the Admiralty should 
be furnished with instruments properly constructed and com- 
pared, and with proper instructions for using "them : similar 
instructions for making and recoi-ding observations, as far as 
their means will allow, should be sent to every ship that 
sails, with a request that the results of them be transmitted 
to the Hydrographer's Office of the Admiralty, where an 
adequate stalF of officers or others should be provided for 
their prompt examination, and the publication of the im- 
proved charts and sailing directions to which they would 
lead. Above all, it seems desirable to establish a prompt 
communication with the liydnigrapher's Office of the United 
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Stat«B, 80 that the united labours of the two greateBt naval 
and commercial nations of the world may be combined, with 
the leant practicable delay, in promoting the interests of 

navigation." 

However, the Dutch have in this instance been beforehand 
with us ; they have already adopted Maury's plan. The ex- 
penses will be really trifling in comparison to the great 
I'esults to be obtained. Some thermometers must be bought 
and supplied to ships, and officers must be placed in charge 
of a separate department of hydrography, whose constant 
duty it will be to collate all the materials sent in, and con- 
struct new charts, and that department must be placed in 
communication with the hydrographieal department of the 
United States, But if I do not take too sanguine a view of 
the matter, it really seems to me that this expenditure will 
bear an almost indefinitely small ratio to the benefits likely 
to be realised to navigation alone. Eut this is a small part 
of the total amount of advantages — the benefits that are 
likely to flow from having a numerous host of observers 
making meteorological observations continually night and 
day, over all the parts of the globe covered with water, which 
are nearly three-fourths of its surface, and which before 
supplied no materials to the common stock of science, can 
scarcely be over-estimated. There is no subject which is 
more perplexing than the science of the weather ; the pheno- 
mena are so various and so complex that at one time 
philosophers despaired of eliminating any general laws ; but 
the prospect is now brighter ; a vast step has been made by 
the invention of self-regi storing instruments, the beautiful 
applications of electricity to that object, and by the esta- 
blishment of numerous magnetic observatories, at all of 
which meteorological observations are made. But the sea 
may be described as the spot on which all the phenomena 
are in their most regular and normal state, uninterrupted 
by casual causes, such as unduly heated surfaces, mountain 
ranges, and so forth. " The sea," says Maury, " is the field 
for observing the operations of the general laws which 
govern the circulation of the atmosphere. Observations on 
land enable us to discover the exceptions, but from the sea 
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we get the rule." Thus the addition of near tliree-fourths 
of the globe to the field of meteorological observation, and 
tliat three-fourths covered by water, will be an accession to 
science of great importance. 



Observations hy Augustus Petermunn, Esq., on tite Arctic 
Relief Eitpeditions. 

Noble efforts have been made to rescue Sir John Frnnklin 
and his companions. But now that nearly eight years liave 
elapsed without tidings of them, even the most sanguine 
must begin to feel anxiety about their safety- If, as is very 
probable, tbey have not perished from the want of food, but 
have been eking out an existence by means of certain Arctic 
animals, their number must have greatly diminished, and 
those who may still be alive would doubtless, from their 
long confinement and severe trials, have their strength so 
reduced as to be unable to extricate themselves from their 
prison, or make much locomotive progress. In any efforts, 
therefore, that may yet be made for their relief, time should 
form a chief point of consideration, aa every week may cut 
off some from the number yet living. It is now satisfac- 
torily established that they must be looked for far beyond 
the American shores, — indeed, far beyond Melvillo Island, — 
namely, opposite the shores of Siberia, in a region extend- 
ing from the land discovered by Captain Kellett to the 
eightieth parallel, and from the meridian of Point Bari'ow 
on the American side, to that of the Kolyma on the Asiatic. 
This is just the region which has been, and is still, alto- 
gether unprovided for in the search, except by the Assistance 
and her tender under Sir Edward Belcher, who has gone up 
Wellington Channel, where most probably the missing expe- 
dition has preceded him. But although Su" Edward Belcher 
found an unusually open season, enabling him to push his 
way up that channel, it is not very likely, considering the 
time that would be lost in looking for, traces, that he would 
overtake Franklin in less than three years, by following him 
on a route which has occupied the latter six years. For it 
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must be remembered that Sir John Franklin, in lft46, ' 
in exactly the same position as Sir Edward Belclier now is« i 
if he Uien did get up Wellington Channel ; and surely bis , 
expedition was as efi'ective as that of the latter, and his crew - 
not inferior. 

While it ift evident that the relief expeditions hitherto h 
have been too much concentrated on one side of the Arctic ^ 
regions, — in summer 1850 no less than eleven vessels were i 
accumulated in one spot, — it is not too much to say that the 
search on the track of the misaing vessels has only now com- 
menced, by Sir Edward Belcher's having sailed up Welling- 
ton Channel. 

The rest of the searching vessels at present in the Arctic i 
regions, the Investigator and Enterprise, as well as those , 
onder Captain Kellett, are only directed to Banks Land and 
Melville Island, a region probably far away from Sir John 
Franklin's position. " The fearlessness and tamcness of 
the animals in Melville Island," says Lieutenant M'Clintock, 
— the best authority on this point, — " was almost in itself a 
convincing proof that our countrymen had not been there ;" 
and indeed, it may be added, not anywhere within five hun- 
dred miles. If Sir John Franklin had wished to retreat to 
any known region on the American side, nothing could 
surely have hindered him from doing so. It is well known 
that sledge parties have travelled distances of nearly one 
thousand miles during one winter ; and Sir John Ross, after 
four years' imprisonment in the ice, and with a force of only 
twenty-four men, greatly reduced by hardships and trials, 
travelled at least five hundred miles, partly by land and partly 
by water, from the point where he abandoned his vessel to 
that where he was released. 

The fact that no less than fifteen expeditions, consisting - 
of thirty vessels, besides the boats, had failed in their main 
object, prompted me a short time back to draw attention to 
a portion of the Arctic regions which has remained entirely 
neglected, and to suggest a plan of search through the Spits- 
bergen Sea, that great ocean between Spitzbergen and 
Novaya Zemlya. I adduced reasons to shew that that sea' 
would probably ofTer the best route, and demonstrated that 
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its exploration was a> most important desideratum in a com- 
meroial and geographical point of view. If the searching 
operations are to be based on a comprehensive and exhaus- 
tive system, my scheme cannot possibly be left unconsidei-ed 
and neglected. The commercial interests of the country 
likewise demand an early exploration of the region to which 
I have drawn attention, and science looks eagerly forward 
to the solution of one of the most interesting of geographical 
problems. Moreover, wlion it is considered that five years' 
increasing efforts from one side have hitherto proved com- 
plete failures, the other side, so promising as regards an 
easy and speedy access with the aid of steam, should no 
longer be neglected. As yet the missing voyagers may not 
all have perislicd, bnt a further delay of one or two years 
may not leave one of them to tell the woeful tale of their 
sufferings, and may repeat the fearful case of Sir Hugh 
Willoughby's Expedition, where the stiff and frozen corpses 
only were found on the dreary shores of the Arctic regions. 



A Description of Lunar Volcanoes. By Professor Secchi. 

Professor Secchi divides the Lunar Volcanic Formations 
into three classes, and he says, " a fourth may be added, 
analogous to our Plutonian Formations. 

" The Jirst class of the lunar volcanoes possesses a dis- 
tinctive character ; that the edges of the craters are almost 
completely obliterated, so that their border now is a conti- 
nuation of the plane ground, in which they seem excavated, 
and a deep well only remains in the place of the ancient 
mouth of the volcano. Instances of this kind are very fre- 
quent near the south pole of the moon, and around the large 
BpotTycho; butTychoitself does not belong to this class. The 
physiognomy of these craters nearly resembles our submarine 
volcanoes of the Monti Ciminii to the north-west of Rome. 
The country around the craters of Bracciano, Eolaena di 
Vico, is almost flat, and the old openings of the craters are 
now deep lakes. On this ground we are led to believe that 
even in the moon many subaqueous volcanoes existed. 
VOL. LV, NO. CIX. — JULY 1853. L 
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Another distinct character of these Tolcanoes of the first 
class is, that they are in a line, as if they burst from the 
cracks of the solid body of the crust produced by earlier 
formations: this is most striking in Arzahel, PurbacL, Al- 
pbonsus, and many others, and they seem to follow the crack* 
made by the soulivement which raiaed Tycho, the lunar Ap- 
pennines, A;c. Some of the higher chains of lunar mountains 
are seen visibly parallel to the alignement of the craters : 
this fact also is like that which we observe on the earth; ia^ 
deed, the large Italian volcanic chain follows the line of the 
Apennines along this country. 

" The second class of lunar volcanoes are those which 
havetheir outside edgeselevated above the surrounding plain; 
their form is^enerally regular, and not broken, as those of the 
preceding class, and the gronnd around them is elevated in 
a radiating disposition, as is visible around Tycho, Coper- 
nicus, Aristotle, &c. The regularity of their forms suggestB 
that the ejected matter was not disturbed by the motion of 
waves, and, consequently, that they were atmospherical vol- 
canoes, like those of the Monti Laziali, Albani, and Tuscu- 
lani, at the south-east of Rome ; the want of breach in the 
craters seems to indicate that no lava, but only scoria and 
loose matters have been ejected. The disposition of the 
soil around them suggests the opinion that they are of a 
comparatively later epoch, and formed after the crust of the 
satellite was pretty resistant, and was capable of being ele- 
vated all round by a great effort. It is singular, indeed, 
that this radiation of the soil around is found proportional 
to the magnitude of the central crater. The effect of this 
aoulevement extended sometimes to a prodigious distance, 
comparable to that of the Cordilleras of the Andes on the 
earth. The greater part of the craters of both the classes 
now described possesses an insulated rock inside, very seldom 
appearing (at least in commonly good telescopes) perforated. 
This bears great analogy with what we see in more than 
one place in the ancient volcanoes of the earth, where the 
erupting mouth has been stopped by a dome of trachytic 
matter as by a stump. Monte Venere, near Rome, is of this 
"■ymation, and lies in the centre of an immense old crater. 
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" The third class of lunar craters is very small, and bears 
a great likeness with those called by geologiata adventitious 
craters, and seems to be of a very late formation, the last 
efforts of the expiring volcanic force. They are irregularly 
scattered through all the moon, but occnr more freqxiently at 
the borders or inside of the old demolished craters, although 
not concentric with them, and seem to have been produced 
after the large ones were completely closed, either by tra- 
chytic ejection or by becoming lakes. These small craters 
have very seldom rocks inside, or a flat bottom ; but their 
cavity is conical, and does not exceed in dimension our com- 
mon volcanoes which are yet active on the earth. From 
these facta and observations it appears, that volcanic action 
has gone on in the moon through all the same stages which 
it has gone and is going on in the earth, and is there, pro- 
bably, completely extinguished, on account of the smaller 
mass of tho moon, which has been cooled very rapidly. This 
rapi(Kty of cooling, joined with the smaller gravity, may ac- 
count for the great development of volcanism thure, and 
comparatively fewer Plutonian formations. But extensive 
instances of this kind are not wanting ; the lunar Alps, the 
Apennines, the Ripheas, &c., may represent tbi formation, 
surrounding vast basins, and having modem volcanoes fol- 
lowing the direction of tlie higher edges of their chains. 
Professor Ponzi seems to think it unquestionable that water 
existed at the surface of the moon ; the fierce glare of the 
sunshine is not able to melt the ice there, which is, probably, 
at the temperature of the planetary spaces ; just as the sun 
at the surface of the earth is not able to melt our glaciers, 
which jet possess a certainly higher temperature. Cold, 
and other unknown causes, may have absorbed and fixed all 
the atmosphere which anciently existed, as we see that the im- 
mense atmosphere which anciently surrounded the earth has 
been fixed by several chemical processes and reduced to its 
actual composition; and it might be possible that this ac- 
tually existing atmosphere of ours should be all solidified, 
either by cold or chemical processes, if the earth arrives at 
the same degree of cold which seems to have place on the 
moon," 

11-2 



Living etorC 8 Eeeearckee In South Africa. 

At a late meeting of the New York Geographical Society, 
Mr Leavitt read a paper from Rev. Mr Livingston, Englisli 
missionary in South Africa. Mr L. had mode two excur- 
sions, in company with Capt. Oswald and another officer of the 
British Army. Passing the lake Ngami and the river Zonga, 
in latitude 20^ south, they passed in their journey due north 
across the dry bed of the Zonga. Here they found numerom 
salt-pans or ponds. The Bushmen abound near the springs. 
They are a merry and honest race. For three days Mr Living- 
ston was without water ; travelling by night to avoid the heat. 
On the fourth day they struck a rhinoceros trail, and follow- 
ed it to the river Mataba, a small stream. They reached the 
Chohe on the next day. This is a deep and very crooked 
river. Here they found a famous old chief, Sabatoae. His 
tribe is a very savage one. This old chief died while the tra- 
vellers were there. They then went on to the Sesheke or 
Skiota, on horseback, a distance of 100 miles. This is an 
immense stream ; 300 to 500 yards across in the driest 
season . Ten days up the river is the seat of the Barotsi, once 
the most powerful tribe in that region. The river has many 
tributaries and some rapids. In this region there are many 
large rivers ; the country is fiat, and in the rainy season is 
Hooded for many miles from the str'eams. The people here 
are very black, very large, and strongly developed, but peace- 
ful. They are more ingenious than the Cape people. The 
Batoe tribes melt large quantities of iron, and are very good 
smiths. 

From an examination of the recently constructed maps of 
this country, it is seen that the Zambesi (which is a very large 
river emptying into the Mozambique Channel, by innumer- 
able mouths, in latitude 18° and 19° south), seems to divide 
into two great branches some 350 miles up ; that these 
branches run west, and then for several hundred miles north ; 
that the branches are something like 200 miles apart, and 
that the country between is a rich delta, since junction 
streams constantly rim from one branch to the other, thus 
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forming large islands inhabited each by a different tribe : that 
700 or 800 miles fi-om the ocean, the western branch of the 
Zambesi receives the Chobe, which is also a large river, the 
Ohio to this African Mississippi ; that the sources of none of 
these rivers are as yet known ; that south and west of the 
Chobe runs the Zonga, another very large river, neither end 
of which has been found, but it is supposed to empty into the 
Zambesi ; that one or two hundred miles further south is the 
Limpopo River, also unexplored either way. It seems pro- 
bable, from these documents, that there is a large and fertile 
region well watered, wooded, and peopled, on the spot gene- 
rally set down as the lovrer part of a great desert, lying 
within a space bounded by longitude 20" and 35°, and lati- 
tude 10° and SO''. — {American Annual of Scientific Discovery 
in 1853, p. 383.) 



On the Crystalline Form of the Globe. By M. DB HadslAB. 

M. de Hauslab, in a recent publication, after discussing 
the direction of mountains, and of dikes and of cleavages 
among rocks, deduces some general principles with regard 
to their direction, and then explains his hypothesis that the 
surface of the globe presents approximately the faces of the 
great octahedron. In an octahedron there are three axial 
planes intersecting one another at right angles ; and the po- 
sitions of the circles on the earth's surface, which he lays 
down as the limits of these planes (or their intersection with 
the surface), are as follows. The iirst circle is that of 
Himalaya and Chimborazo, passing from Cape Finesterre to 
the Himalaya, Borneo, eastern chain of New Holland (leaving 
on its sides a parallel line in Malacca, Java, and Sumati-aJ, 
to New Zealand, thence to South America, near Chimborazo, 
the chain of Caracas, the Azores to Cape Finesterre. The 
second passes along the South American coast, and the north 
and south ranges of the Andes, the mountains of Mexico, the 
Rocky Mountains, Eehring's Straits, the eastern Siberian 
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chains, going to the south of Lake Baikel, the AltAi, U: 
laya, the mountains of Bombay in Hindostan, a point in 
north-east of Madagascar (where the auranitts are 12,000 
feet high), the mountains of Nieuwedfeld, 10,000 feet high. 
Cape Caffres, to Brazil, the rapids of La Plata, Paraguay, 
Panama, the elevated basin of Titicaca, the Andes. Illimani, 
and the defile of Maranova. The fMrd cii'cle cuts the two 
preceding at right angles, and passes by the Alps, the islands 
of Corsica and Sardinia, along the basin of the Mediter- 
ranean, the mountains of Fezzan, Lake Tchad, the Cafifre 
mountains of Nieuwedfeld, the Southern Ocean, near Ker- 
guelen's Land, the eastern or Blue Mountains of New 
Holland, Straits of Behring, Spitsbergen, Scandinavia, Jut- 
land, &c. 

These thi-ee great circles point out the limits of the faces 
of the great hypothetical octahedron. Each of the faces may 
be divided into eight others by means of hne of accidents of 
minor importance, so as t-o make in all forty-eight irregular 
triangles, a form of the diamond. At the intersections, M. 
de Hauslab obsen-es that there are nodes of dikes, and 
along the lines, or neai' them, all the mountains of the globe 
occur. Tlie author gives an extended illustration of his sub- 
ject, and afterwards considers the particular history of the 
configuration of the earth^s surface in accordance with bis 
hypothesis- 

M. Boue, who adopts similar views, adds as a note, that 
we should remember in this connection that the metals crys- 
tallise either in the tcsseral or rhomhohedral system, and 
that native iron, the most common coDBtituent of meteorites, 
is octahedral in its crystals. 



On the Classification of Mammalia. By ChabL£s Girabd. 
of Washington. 

I. The limits of the class of Mammalia were not clearly un- 
derstood by the earlier natuvalista. Some groups, which ia 
former times were referred to other claasea (as Cetacea and 
Bats), have successively been brought into it. None, how- 
ever, originally placed in this class have ever required re- 
moval elsewhere. Thus the progressive investigations has 
always increased the number of the representatives of this 
class. 

At the present day, we may safely say that we know all 
the essential groups of the class of Mammalia, the actual 
limits of which are acknowledged by every naturalist. 
Indeed, we mast expect many additional species and genera 
which time and labour will bring to light, either in a fossil 
state from various depths in the strata which constitute the 
solid crust of our globe, or else from its actual surface) aod 
belonging to the living fauna contemporary with the huraaa 
races. Such additions are not expected to change or modify 
the boundaries of the class, though they may have some im- 
portance in the subdivisions and methodical arrangement of 
the minor groups- 

The division of the class into secondary or minor groups, 
the relationship and subordination of the latter, have at- 
tracted the attention of all general writers on zoology. Al- 
most every one has attempted a classification in accordance 
with the value attributed to one series of characters, rather 
than to another. 

The most ancient authors seem to have occupied them- 
selves but little with zoological characters : hence the sub- 
divisions which they establish among Mammalia are based 
upon their mode of life, or the elements in which they live- 
Next we see the subdivisons based upon external charac- 
ters, the most striking being selected, such as the locomotive 
members. 

All this prior to the eighteenth century- 
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Towai-da the end of that very century, however, compara- 
tive anatomy started as a science; and at the beginning of 
the nineteenth, it introduced an entirely new method of ' 
ilaasification. Systematic zoology underwent a metamor- 
phosis. 

The first half of the present century had not yet elapsed, 
when another science grew up with rapid steps, claiming her 
share in the question of the natural classification of the ani- 
mal kingdom : we allude to embryology. The formation of 
the young mammal, its genesis, its development prior to the 
period when it makes its first appeai-ance in the world, if not 
entirely unveiled yet, are no longer mysterious, and their 
bearing upon systematic zoology is universally felt. 

Pal son to logical data are not leas important in arriving at 
a natural classification, than those derived from either com- 
parative anatomy or embryology ; and indeed palseontology, 
comparative anatomy, and embryology, hold an equal rank in 
respect to zoology. 

As investigations progress in these fields of researches, 
new light is daily thrown on some obscure points, and diffi- 
cult questions are thus elucidated ; but as yet, no methodical 
arrangement of the class of Mammalia has been uuiversally 
adopted : there is still as much diversity of opinion, and 
perhaps even more at the present time than in the two past 
centuries, although, as a whole, our views on the subject have 
been improved upon those of our ancestors. 



II, In order to render moi-e tangible our thoughts on the 
subordination of the various groups which constitute the class 
of Mammalia, we have prepared the accompanying plate, 
which we shall now examine. 

The orders Edentata and Mareupialia are considered as 
the ti'unks of the class : these two groups, we place on the 
same level. They constitute the foundation, the bottom of 
the class, and accordingly are the lowest of all. 






IDEAL QEADATION OF THE CLASB OF TWATffWAT.TA. 

THe trunk of Edentata sends out three diverging sterna, 
the MoTioh-emata, the Edentata proper, and the Tardi- 
grada^" an herbivorous stem {Tardigrada a. GravigrcLda), 
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an insectiTorous stem {Ede>*tata proper), and a carnivorous 
■tern ( Monotremata.) The earuivorism in the trunk of Eden- 
tata is of tie lowest grade, and subordinated; as the carni- 
vorous propensities only attack invertebrates, that is to say, 
itnimals of a much inferior rank, comparatively very ireak 
and defenceless. 

Above Monotremata we place Celacea (whales and dol- 
phins) ; Edentata proper, above the Insectivora ; and above 
Tardigrada, the Sirenidia, or Ho-called herbivorous cetaceans, 
the Fadiyd^rmata and Rumitiantia. 

The trunk of Marsiipialia exhibits likewise three stems, 
an herbivorous, an insectivorous and a carnivorous. Above 
which we have, the Rodentia, containing the herbivorous 
stem ; the Insectivora, continuing the insectivorous stem in 
common with Edentata proper; and Camivora, continuing 
the carnivorous stem. 

Thus above Edentata and Marsupialia, we have, on an- 
other level, Cetacea, Hirenidia and Walrus, Pachydermata, 
Jtuminantia, Rodentia, Insectivora, and Camivora ; that is to 
say, all the normal types which represent the full devel(^- 
ment of the class as synthetically combined in Edentata and 
Marsupialia below. 

The fact that Insectivora are foreshadowed both by Eden- 
tata and Marsupialia, shews that there exists a close con- 
nection between the two trunks of the class. The insecti- 
vorism is intermediate in rank between herbivorism and car- 
nivorism ; it is of a higher grade than the former, and of a 
lower than the latter. The predominating feature of the 
txunk of Edentata consists in the vegetable diet, and in the 
want of a complete set of teeth ; the predominating feature 
of the trunk of Marsupialia, on the contrary, consists in the 
animal diet, and the possession of a complete set of teeth. 
Accordingly there can be no doubt that Edentata are lower 
in grade than Marsupialia : they are the lowest grade in 
their class. 

It will be obvious, also, that here Edentata rank the 
lowest in grade amongst the normal groups of the elass ; 
still shewing that Edentata are inferior to Marsupialia, the 
latter foreshadowing groups of a marked superiority. 
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Now there are other groups which we place on stiU an- 
other level above the normal types, although not of an 
absolute superiority. Their place can h&nowliere else ; their 
history must follow tiiat of the normal types from which 
they proceed : the BradipodidcK (or sloths), arising from the 
herbivorous stem of Edentata; tiie Scjw»-iii(e (or squirrels), 
arising from the stem of Rodeatia ; the Cheiroptera (or hats), 
arising from the stem of Insectivora ; and the Quadrumana 
(or monkeys), arising from the stem of Carnivora. 

AVe consider these as bo many shoots of the mammalias 
teee, which went beyond the vita! sphere of activity of the 
<las3 ; in other words, deviations from the normal develop- 
ment of the class. 



III. I 1. Let us return now to some of the groups mapped 
down on our chart of the ideal gradation, and state in a very 
brief manner their most striking zoological features and rela- 
tionships. 

To begin with Edentata, which we concluded were the 
lowest of the class : when looking at those creatures amidst 
the other groups, we cannot help being strangely struck by 
their singular physiognomy, and the still more astonishing 
association of characters, which appear sometimes rather 
borrowed from other classes, than as belonging to that of 
Mammalia. We need only call to mind the water-mole - 
(Omithorhyncua) of New Holland, the pangolins (Manie) of 
Asia and Africa, the anteater (JHynnecopJuiga) and arma- 
dillos (Basypus) of South America, the aard-vark {Orcytero- 
p\k») of the Cape of Good Hope, and the sloths of tropical 
America, which constitute Hhe three oi-ders Monotremata, 
Edentata proper, and Tardigrada; the one aa strange as the 
other. 

The Monotremata exhibit the lowest grade of mammalian 
organization. They are ovoviviparous ; the young are with- 
out uterian connection with the mother, but they are suckled 
by the latter. In that respect they approach nearest to birds 
and reptiles ; the structure of their sternum and shoulder, 
also, presents a great resemblance to the san^e parts in 
lizards and ichthyosauri. Their position at the bottom of the 
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order of Edentata is justified by the fact that one geQua>l 
{Echidna) is completely deprived of teeth, whilst the other^ 
(OrwiiAor/ivncAws) 'possesses but a few insignificant ones. I 
These two genera, which constitute by themselves the whole I 
order, may just as well constitute two famjlies, so wide ar«-| 
tlie differences in their general appearance and structure. 

The Edentata proper constitute a group exceedingly re- 
markable, composed of a few genera likewise very Strang 
in their characters, strange in their external features, strange 
in all their relations. The differences amongst these genera 
are so gi-eat that they have been made the types of as many i 
families by systematic writers, and we believe with great 1 
propriety. The absence of teeth is the only "haracter by 1 
which they are united, although this character is not absolute, 
inasmuch as grinding teeth in a very rudimentary state are 
observed ui some few: the fi'ont teeth or incisors — those I 
never exist in Edentata, Edentata moreover are provided , 
with strong nails or claws to the four locomotory extre- , 
mities. 

Each of the tj"pes in Edentata, by its strange appearance, 
recals to mind another order of things, another physical period 
in the earth's history, of which they are mere reminiscences. 
The Tardigrada divide into two groups, one completely ex- 
tinct, the remains of which arc found in the tertiary deposits 
of South America chiefly, the Tardigrada gravigrada, or 
ifegatheridtB ; atid another exclusively composed of living 
representatives, the Tardigrada bradipodida, or sloths of 
Central and South America- 

§ 2. The order Marsupfalia is another combination into 
one group of strange forms and strange characters, quite as 
diversified and heterogeneous as in the Edentata, although 
Marsupialia seem cast upon a more uniform external mould. 
The great diversity resides in the physiognomy, and in the 
structure of the teeth. 

In Edentata, we have seen the dentition so defective, than 
in several cases teeth were entirely absent. Here in Mar- 
lialia the dentition is greatly developed, becomes a perma- 
character, and requires a contrasting importance. The 
it is true, are nowhere six in each jaw, which is the 
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normal number ; shewing that at tlie outset the number was 
of a subordinate value, as well as the relative signification of 
the different kind of teeth. Nevertheless it can be distinctly 
shewn that the three orders following, Rodentia, Insectivora, 
and Camivora, are synthetically combined and foreshadowed 
in the group of Marsupialia, which, when considered zoolo- 
gically in itself, cannot but atrifee any one aa an odd gi-oup 
standing isolated in the actual creation. 

I 3. The order of Cetacea, the lowest amongst the normal 
groups, may be subdivided into three families. The first and 
lowest, the family o{ BaltBnidtB, is characterised by the ab- 
sence of teeth, or, if not entirely absent, they have no func- 
tion. These are the toothless or edentated cetaceans, remind- 
ing us of the order of Edentata proper, our second prophetic 
type. The second family, that of PhyseteridcB, exhibits well- 
developed teeth on the lower jaw, and rudimentary ones on 
the upper L the subdent&ted cetaceans of the authors,* The 
third family, that of Delphinidce, seems to complete the pro- 
gressive series in the development of teeth ; for the latter 
exist here on both jaws, whence the name of ambidentated 
cetaceans. The fourth family, that of HeterodontidcB, in- 
cludes the narwhal or predentated cetaceane, and some 
other types in which the dentition is losing both its shape 
and its function. The Monodon (narwhal) is closely allied 
to Phocaena (porpoise), whilst Ilyperoodon comes nearer to 
Delphinus. The other genera are deviations or reminiscences 
of the other families. Heterodonts, then, must follow the 
dolphins in a natural and serial classification. The order of 
Cetacea begins with the whales, and closes with heterodonts ; 
the real superior groups are those placed in the middle, the 
Delphinidse, which represent the normal cetacean type. They 



* PhyEsCeridiH, or «perni -whales, are more nearl; allied to dolphins tbaa to 
whalei, if we take into conei deration the itructure of (he whols Bkeletcn. Wo 
might even eay that rhjaeleridie are gigantic dolphins in which the develop- 
ment of teeth hiu stopped, and the body increased beyond nil proportion. 
That coloaaal maaa which Bperm-whales partake with the whalee proper, ii of 
kn incontestable inferiprity, ae it ta nnflt Tor graceful movements ; but, on the 
other hand, the matorial strength is developed, and the muscular power in- 
creased to harmoniie with the immensity of the element in which they live. 
ongft the largest. 
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are the aniallest of the order, and poBseas two frcBh-water 
representatives, one closely allied to dolphins proper, the 
second bearing some far relations to Physeteridse (sperm- 
whale), and to the genua Hyperoodon of the heterodonts 
family. 

The morphology of the teeth in Cetacea is very intepest- 
ing, and instructive in a philosophic point of view, wlien the 
relationships of this order with the Edentata are well noder- 
Btood. In the lowest type, teeth remain undeveloped ; in 
the highest, they cover the whole surface of both jaws, but 
are of one kind : incisors, canines, and grinding teeth are not 
known amongst cetaceans. This fact alone would ascribe to 
them an inferior rank amongst the normal groups of the class. 

g 4. The affinities oftheao-called herbivorous cetaceans, or 
Sirenidse, with pachyderms, have been alluded to by several 
authors. In 1834 Fred. Cnvier* wrote the following re- 
markable sentence : " The group of herbivorous cetaceans, 
composed of genera intimately connected together, are related 
to the pachyderms by the raanati." And farther on (page 6) 
he remarks that they come neare"r to pachyderms than to 
cetaceans. In 1838 they were definitively removed from the 
Cetacea, and actually placed amongst Pachyderm ata.t Upon 
thispoint, every naturalist now agrees. Sirenidie are the low- 
est grade among pachyderms ; even if considered as parallel 
to pachyderms, they still must rank lower in a natural classi- 
fication. They are aquatic, provided only with the anterior 
limbs constructed for swimming. Unlike the cetacea, they 
live near the land, and may occasionally creep along a beach ; 
undoubtedly representing a higher step in the class, and an 
approximation towai"ds the subaquatie Hippopotamus, which, 
together with the tapir, shew intimate relation with the 
manati and dugong. The Dinotherium, and other fossil re- 
presentatives of the group of Sirenidia, seem to syntbetise 
the living genera of their groups, togethei- with both the 
proboscidian pachyderms and the ruminants. This synthesis, 
however, cannot yet be fully understood. The earth's crust 
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has not yet yielded all the data by which alone ire delineate 
the history of the pachydennB and allied gi'oups from their 
cradle up to our days. 

AmongRt the living genera, we observe the following parti- 
culars ; The Manati, when young, have on the lower jaw 
two small incisors directed forwards and downwaivlB, remind- 
ing us of the tusks in DinotUeriuni. The presence of tusks, 
therefore, assigns to the latter a lower position. In Tlalicore, 
tusks exist on the upper jaw, as in the elephant, with which 
the genua Bi/tma seems also related by its teeth, although 
completely deprived of tusk of any kind. 

§ 5. The position of the Walrus is between Sirenidia and 
Fachydermata ; they belong to the pachydermic order by 
structural evidences, and beat' only analogies to the seals. 
They constitute a small group whose distinctive features 
from Manati consist in the presence of four locomotive mem- 
bers ; and from the other pachyderms, in having these four 
locomotive membera adapted for aquatic habits. 

§ 6. The order of Pachydermata is the least understood 
of all, on the very ground that its history belongs chiefly to 
the past ; and since Sirenidia and Trichechidfe (walrus) are 
referred to the same group, it becomes difficult to determine 
the relationships between the living and the extinct repre- 
sentatives in order to establish a graduated series. 

We are satisfied of the existence of two progressive series 
in the pachydermic groups, in the following way : 



EQUID-i;, 

HYRACID-E, 

RHINOCEEOTID^, 
HIPPO POT AM ID^, 
TRICHECHID.E, 



ELEPHANTID.E, 
MASTODONTID.^, 
EYTINID.*, 
HALICHOBID.S;, 

MANATID^. 
DINOTHEBIDjE, 



ANOPLOTHEHID^, 
PAKfiOTHERID^. 



CAt the bottom of the order, the extinct Palffiotlierium and 
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other the families which have no ppoboacis. The proboscidians 
are relatively inferior to non proboscidians, inasmuch as they 
are edentata in the general sense of the word : grinding teeth 
and tusks alone exist. In the non proboscidians the dental 
Bystem acquires a great deTelopment, the greatest to be ob- 
served in the edentated trunk ; but as this development is 
an excessive effort, and thus brought the group beyond ita 
circle of activity, it had only a temporary existence, and be- ] 
came almost extinct in the present era. 

The history of pachyderms will form a contrasting episode | 
compared to that of Cetacea, when it shall once be vmtteii 
out fully. Our hypothetical views on the subject, for fear 
that they should appear too premature, we abstain from giv- 
ing now. 

§ 7- As to the limits of the order of Ruminantia, every 
one is agreed ; but not so with regard to its systematic posi- 
tion. Considering ita imperfect dental system, we see that 
it belongs to the great division of edentated mammals. That 
ruminants are inferior in rank to rodents, we derive first from 
their appertaining to the edentated division, which we have 
seen is inferior to the division of marsupials. Their dentition. 
and herbaceous diet is a second very important feature whicli 
assigns to them a lower rank than to the rodents, which feed 
chiefly on bark and fruits, a food superior to grass and leaves. 

§ 8. Now the position of the order Modt^ntia is clearly de- 
fined by what has just been said of the ruminants. Their 
complete system of dentition, and the similarity in the in- 
sertion of the incisors in herbivorous marsupials, are the 
reasons which have guided us in this arrangement. 

I 9. The place which we assign to the order of Insectivora 
is based upon a similar principle : the affinity of their denti- 
tion and mode of life with the insectivorous marsupials and 
edentata. 

§ 10. Pinnipedia have always been placed below Carni- 
vora, and Caraivora have always been divided into digiti- 
grada and plantiifrada. We find both plantigrada and digiti- 
grada synthetically indicated in Pinnipedia ; not in the struc- 
ture of the locomotive members, but in the profile of the face. 

g 11. In the eccentric groujis of Bradipodidtr, Scinridn', 
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Oheiropiera and Quadruwana, we observe the remarkable 
fact that they assume a general external resemblance to each 
other, that thej become monkey-like in features and habita. 
They live above the gi-ound, in trees and in the air ; they are 
chiefly nocturnal, and their diet lias a general tendency to be- 
coming frugivorous. That Cheiroptera proceed from the in- 
sectivorous stem, the Quadrumana from the carnivorous stem, 
the Bradipodidse from the tardigrade stem, a thorough compa- 
rison of these types will convince every one. 

We give now the following Mammalian System : — 
I. QUADRUMANA. ; ^fuBlD.fi. 



SlMIADJt. 


Myo.ina. 




DipodiQB. 


Leuubid.g. 


Ctenodactylina. 


Murine. 


GALEOPITHEOtDfll. 


Spalacina. 




Arvicolina. 




Batliyergino. 


ir. CARNIVORA. 


Saccomjiaa. 


a. UNGUICULATA, 


HYSTRICinfi. 


I. DlOlTlOBADA. 


Ujalricina. 


FEtlD^B. 


DasjproctinB. 


HV*N1D,B. 


EcUymjida. 




Octoiloiitiiia. 


^^ , VlVEBaiD*. 


Chinehillma. 


^^^L MusTELLins, 


CaviiDa. 


^^^r 2. PLANTIOftADA. 


Lkpob:ikb. 


^^^ CB DC OLE FT ID A. 


t. RUMINANTIA. 


^^" ' Proctohid*. 


CAMELEOPAEDALlbjB. 


Ubsid^. 


Camelid*. 


6. PINMIPBDIA, 


ANTEbQI'IDA. 


Phocid^. 


Ceeviid^ 




MOSCHIPA. 


Ill, CHEIROPTERA. 


B0VID£. 


a. PRUGIVORA. 


(. PACHYDERMATA, 


PTERtlPODlDS. 


EftUIU.B. BLEPflANTID^ 


6. CARNIVORA. 


8did«. Mastodontid*. 


Vespehtilionids. 


nvSACmS. RTTINID.B. 


VAMPVltlD*. 


RHINOCEROTID.B, IlAUCHORID«, 


IV. INSECTIVORA. 


UlPPOPOTAMlD*. MaNATIDS. 


EniNACElBS, 


TRlCHECHlDil. DINOTHBRIB*. 

Anoplotherids. 


Talpid*. 


PiL^OTHKBlDfi. 




VI. CETACEA. 


V. HERBIVORA. 




a. ROUENTIA. 


Delphinidj;. 


SciDltlDS. 


Pkvbbtbrids. 


fASTOBID-E. 


BaL*N[D,B. 
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VII. MARSUPIALU, 
a. CABSrVORA. 

i. INSBlTIVORA. 

I'EHAHELIP.E, 

(, nERBlVORA. 

pRALANOIBTID:e. 
PBjLICOMJMTII)* 

Hacbopodids 
(ffof. 



'>. EDENTATA fbofbh. 
Dastpodidb. 

ORYCTEKOFODIDJ!, 



id(F) 



ORNlTHOItHTSrHUl^ 



IV. g 1. Thedatarelating to theearliest appearance of tlie 1 
claaB of Mammalia lead ua as far back in the earth's history 
as the period of the oolite. There we find it displaying but 
a small number of forma under the shape of marsupials, more ] 
intimately allied, however, to our opossum than to any of the ] 
Australian types. These first representatives of the class in 
habited that geographical portion of the globe now called thp; I 
British Islands. 

The conclnsions to which Cuvier had arrived, viz. that the | 
epoch of the appearance of mammals was the tertiary in the I 
series ; his beautiful researches, his remarkable discourseB I 
on the revolutions of the globe, were present to the mind of I 
every one. Now came that fossil jaw of an opossum-like I 
animal, which seemed to contradict these philosophical de- 
ductions. The mammalian nature of the jaw was denied by | 
some, exaggerated by others : its geological position in the I 
oolite was considered as accidental ; but all attempts at 1 
rejecting those remains from the class of mammalia hare, 
proved unsuccessful ; time and repeated investigations have 
concurred in shewing that they were true mammals, and 
that they truly belonged to the oolitic period. And instead 
of contradicting the formerly ascertained results, these facta 
now complet* the palseo -hi story of the class, and illustrate 
most beautifully the gradual introduction of the different 
groups of the animal kingdom upon the surface of our globe. 
For it remains true that the class of mammalia acquired a 
full development during the tertiary epoch only ; the tertiary, 
types were preceded in the secondary epoch by these mar- {I 
Hupinla, and in some sort foreshadowed, predicted by them. ^ 




Claasijtcation of Mamma Uo. 



17! 



L tertis 



The marsupials being zoologically inferior, they are geologi- 
cally the first created. Their abnormal forms, the diapropor- 
tiona of some of their limbs, illustrate the first evolution of 
the maminalian activity. Their bringing forth their young 
in an imperfect state of development, and the existence of an 
external pouch to protect that progeny, assign to tliem an in- 
ferior rank. The fact that there are among them carnivorous, 
insectivorous, and herbivorous types, indicates clearly that 
they combine these groups of which they are the prototype 
in the Creator's thought, and their precursors in time. 

^8 the development of the class went on, and the foresha- 
dowed groups appeared as distinct and independent manifesta- 
tions of the mammalian organization, the marsupialian group 
waB preserved within the limits of its original conception up to 
our epoch, in which it stands as an odd group which reminds 
us of a past order of things. In the actual fauna, Marsupialla 
are an isolated type which has deceived and misled all the sys- 
tematic writers ; still combining characters of several other 
types, if it is not understood that they are prototypic, and 
the lowest, they will give rise to contests as to their position in 
the system. 

No facts illustrate better the immateriality of the relations 
which exist between the various groups of this class : they 
may foreshadow, they may prophetize, but they will continue 
to exist. There are no material transformations, no material 
permutations, from one group to another ; for if such was the 
case, those first created groups, combining those of a later 
appearance, would not be found possessing the same material 
attributes, the same cirole of vital activity as before. On the 
other hand, when the foreshadowed groups appear, they lose 
their zoological importance, and accordingly are confined to a 
geographical province physically lower, to remind us of their 
low position in the syatem. 

g 2. But if Edentata are zoologically the lowest of the class, 
they should have been created the first in time, or at least be 
contemporaneous with Marsupialia. As far as our present 
knowledge respecting the fossil remains of mammals goes, 
Edentata are not known prior to the miocene strata of the 
tertiary epoch ; hut in those very strata, their remains are so 
M 2 
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numerous, and exhibit such a lUvei-sity of generic forms, 
we must conclude from these facts that Edentata have ac- 
quired, if not the maxinium of their development, at least a 
large portion of it, during the first period of their creation. 

This great development of Edentata, at the presumed dawn 
of their existence, is in contradiction with the general law 
which has presided over the development of all other groups 
of the animal kingdom : each group, each natural order or 
family, the history of which has been investigated in past 
times, has manifestly shewn a development parallel to that 
of the individual life : Ist, An early period, — corresponding 
that of youth, — during which the group has but a small num- 
her of representatives; 2d, A period of full development, 
corresponding to that of the adult, — during which the groo] 
exhibits the greatest diversity which was in its power to as- 
sume ; 3d, Finally, there is a period of decline,— correspond- 
ing to old age and fall, — during which period the individuals 
are less numerous. In the class of Mammalia there are com- 
paratively few groups which have thus reached the third 
period of their history, and passed away from the surface of 
our earth. The majority have just attained their period of 
fullest development at the beginning of the human era, and 
are actually in existence upon the external surrounding crust 
of our planet. 

According to these facts, and satisfied that the systematic 
position which we liave assigned to Edentata is natural, and 
in accoi-dance with the general plan of the creation, we pre- 
dict that remains of Edentata will be found in the strata be- 
low the miocene ; that they will be found in secondary beds 
at least as low as the oolite, if not further down. If they 
prove to be of a decidedly lower zoological grade than Mar- 
supialia, they must have been introduced on earth before the 
latter ; and if parallel with them, they must have been con- 
temporaneous. In the actual era, the order of Edentata ia in 
its period of decline ; its representatives now living are much 
less numerous than the extinct ones already known. 

§. 3. The Pachydermata constitute another group, whose 
histoV-y chiefly belongs to past times. They are known to 
have existed as early as the eocene period ; tlie miocene is 
the period of their greatest development; they diminish ia^ 
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number in the pliocene, and finally the living representatives 
are still less numerous. So that pachydermata are in the 
period of their decline, as well as the edentata. 

Now as far as is known, these two groups, Pachydermata 
and Edentata, are the only ones in the class of iMammalia 
whose circle of activity haa been exhausted in geological 
ages. 

The two series which we have established among pachy- 
derms will have to be carefully studied geologically. 

The oldest remains known of Sirenidia have been discovered 
in the lowest beds of the miocene period. 

The oldest remains of ruminants known, belong to the 
middle strata of the miocene period. 

Cetaceans are contemporaneous with the ruminants; it 
being always understood that we speak of the actual state of 
our knowledge. 

Eodentia, which we consider the highest amongst Herbi- 
vora, are foreshadowed by Marsupialia, the second synthe- 
tical type. Rodentia make their iirst appearance at the be- 
ginning of the eocene period, the first of the tertiary epoch. 

And so do the Carnivora proper and Finnipedta, parallel in 
their gen etical development; although zoologically speaking, 
Finnipedia are lower, and synthetise the two groups of car- 
nivorous digitigrades and plantigrades. 

Insectivora, which are shadowed by both Edentata and Mar- 
supialia, are not known in the eocene ; their remains, hitherto 
found, belong to the miocene and strata above. 

Quadrumana and Cheiroptera have left some of their re- 
mains in the middle strata of the eocene period. 

The annexed diagram is intended to sketch out the history 
of the class of Mammalia, prior to the epoch of mankind. 

§ 4. If we look now at the geographical distribution of 
Mammalia, which is regulated by laws, we may point out 
Bome facts of a very striking interest, and which corroborate 
the foundation of our classification. 

The globe and the animal kingdom were created for one an- 
other ; the globe, however, was made for the kingdom, matter 
being subordinate to life. During each of the geological ages, 
and even during each period or era, the physical features of 
the globe have assumed a peculiar character. Tin; animal 
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creation haa likewise assumed a peculiar zoological chftractw, 
always in a direct relation with the physical characters of the 
time and the special physical wants of the globe. 

There are two points of view to be t^iken into consideratjon 
when investigating the introduction of life upon the surface 
of our globe, but these we cannot discuss at length here : we 
must limit ourselves merely to the signalizing of them. 

1. Life, from its first manifestation upon the globe, may 
have undergone a gradual, slow, and continuous development ; 
in which case a single and unique creation, passing through 
divers metamorphoses to suit the wants of the globe, renew- 
ing itself witliout the necessity of a special creation at the be- 
ginning of each period, would seem the real doctrine. 

2. Life, after its first introduction on earth, might have 
ceased at the end of each period, and at the beginning of each 
one, a new ci'eation called forth, purposely made to suit the 
physical wants of the new era. Thus numerous creations 
would have succeeded each other witliout any material con- 
nection, or any genetic relationship, but physically indepen- 
dent of each other. 

Both of these views have their defenders and opponents. 
The choice of one or the other is of no consequence in regard 
to the fact which we are now tracing, as soon as we can ad- 
mit that at each period the animal kingdom was in a direct 
relation with the phi/sical wants of the globe. 

The physical wants of our planet went on increasing with 
time, both in number and importance ; and the same may he 
said of animal life. The relations of these two worlds are so 
intimate, that the zoological subordination of the gi-oupa will 
give us the relative physical superiority of the continents 
above one another ; and, viee versa, the relative physical su- 
periority of the continents will point to the zoological gi-ada- 
tion of the groups composing the class of mammalia. 

Now let us look at the facts. The lowest Mammalia, the 
Monotremata, belong exclusively to Australia. Australia is 
physically the lowest continent. Marsupialia are also limited 
to the same continent. 

The next in grade after Monotremata are the Edentata 
proper, which belong chiefly to South America; the Manidie 
:■• jpoiinlip ulune liciiig African. South America 
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and Africa rank above Australia ; and althougb Marsupialia. 
are placed by ub above Edentata generally, the consequence 
of their occurring in Australia does not contrardict the aa- 
sumption that Australia is physically lower than Africa and 
South America. The fact that the lowest among Edentata 
are Australian, and the highest among Marsupialia (the DideU 
phida3) ai'e South American, is very conclusive. 

The occurrence of the opossum in the southern part of the 
United States clearly indicates that this continent is physi- 
cally inferior to Europe and Asia, 

When comparing the relative superiority of the continents 
with each other, the comparison, in order to remain true, 
must be made independently of the influences of man. They 
must betaken at the dawn of their history, when in formation, 
iluring the epochs which have preceded the cradle of man kind. 
If America occupies a relatively low physical rank, that natiou 
by which it has been taken possession of, by which it has 
been subdued and conquered, baa changed its destinies by ap- 
plying to its elevation the power of its intellectual aptitudes. 

Although some few fossil remains of Marsupialia and 
Edentata occur out of the actual geographical provinces of 
these groups, the greatest number are found within the limits 
of the said provinces ; shewing that the order which now 
prevails at the surface of our globe, takes its roots in former 
ages ; that the same general laws which now prevail, have 
presided over the past. 

Amongst the normal groups of the class we have Cetaceans, 
the lowest, all aquatic ; as are likewise Sirenidia, TrichechidBB, 
and Pinnipedia. The Pachyderms are tropical: their actual 
distribution on earth is to be referred to a past order of 
things, in order to be uuderstood. The Kuminants, Rodents, 
Insectivora, and Carnivora, are distributed all over the globe 
in given proportions. 

A general glance at the mammalian fauna of North America 
strikes us by the preponderance in the number of species of the 
order fiodentia. The true grass-feeders, the Kumlnantia and 
Pachydermata ai'e in minority ; although the New World has 
been opposed to the Old, and called the continent of vegeta- 
tion, by contrast with that of animalization. Tiie greatust 



184 Oh tlte Classljicaiwn of Mammalia. 

Cttrnivora are absent from America : Caiiiivora are the most 
uumerous wliere ruminants are most numerons, the ftHiner 
feeding chiefly' upon the latter. 

Each group has a part to perform in the economy of nature. 
Carnivora, the most powerful in the animal creation, check 
the Ruminants, the most bulky and most clumsy of the terrea- 
trial forms of the class, and partly the Rodents ; the Rodents, 
in their turn, check the arborescent vegetation, whilst Rumi- 
nants check chiefly the grass. Kuminanta are constructed to 
walk on the ground; whilst the organization of Rodents is 
adapted either for ascending trees, or for burrowing in the 
ground. Ruminants are timid, constantly in fear of becoming 
the prey of others, and have for their only retreat the depths 
of the forests, or the nnbounded plains and deserts. 

The Insectivora feed upon Articulata, and are intended 
chiefly to check the never-resting class of Insects : they ar% 
adapted to divers situations ; for the aerial element, the sur- 
face of the soil, and under it, as their peculiar instinct will 
lead them to feed either on flying, creeping, or burrowing 
articulates. The Insectivora increase in number from the 
north to the equator, as the class of Insects does. 

Amongst the eccentrical types, the majority of the apeeies 
inhabit the warm zone ; a very significant fact. Cheiroptera 
existin both hemispheres, increasing in number from the arc- 
tic regions to the tropics. Quadrumana are chiefly tropical ; 
and 80 are Bpadipodidie. Flying squirrels belong to the tem- 
perate and tropical zones. 



On the Reproduction of the Toad and Frog without the 
termediate stage of Tadpole. By Edward Joseph Lowe, 
Esq., r.G.S., F.R.A.S. 

The following brief remarks on the Toad (^Bufo vatgaris) and thi 
Frog (^Ranii teaiporaria) may perhaps be received with gome degree 
of interest, as they are, I believe, contrary to the generally received 
notion of the proci'eation of these reptiles. Raj, and most natural- 
■^•■■•■1, at least, consider toads and frogs as oviparous animals, yet it 
|Bp»rent that tliey are viviparous as well, or if they do not bring 
^their young alive, have the power of reproduction in a differ^ 
to the ova and subsequent tadpole. 
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Mr J. Higginbottom of Nottingham, ■who has paid great atten- 
tion to this subject, has clearly proved the development of the tad- 
pole to the perfect toad in eituations wholl; deprived of light, as I 
have through his kiiidiiess several times witnessed. My present re- 
marks are intended to show that oecasioHolh/ frogs and toads are 
reproduced in localities where it would be impossible for the inter- 
mediate stage of tadpole to have any esietence. 

1. Toad* deposit tpawii in eeUars and young toads ars after- 
wards observed. — Last summer several masses of spawn were pro- 
cured from my cellar, having been foujid deposited amongst decaying 
potatoes, &c,, and subsequently young toads were noticed. The cellar 
is free from water, and at a considerable distance from any brook. 

2. Young toads are observed about hot-beds. — In the kitchen- 
garden at Highfield House (which is entirely walled round) young 
toads have been noticed about the cucumber and melon beds. The 
gardeners have been in the habit of bringing toads to these beds to 
destroy the insects ; these have continued amongst the warm damp 
Btraw all summer. It is after these beds have remained three or 
four months that the young ones have boen noticed. Toads would 
have to travel nearly half a mile to reach this garden from the brook 
or lake, and also to mount a steep hiil, besides taking the opportunity 
of coming through the door. Toads so small are not seen in any 
other part of the gardens, 

3. Young toads and frogs observed t'n ahnndance at the summit 
of another hill, whilst quite small. — During the past summer, espe- 
cially in the month of July, very many young toads and frogs were 
seen amongst the strawberry plants, apparently from a week to a 
month old. These might possibly have travelled from the brook a 
few hundred yards distant ; yet it is strange, that, with the excep- 
tion of these beds, no young toads could be found elsewhere in the 
garden. A number of full-grown toads are mostly to be seen about 
these beds. 

4. Young frogs dug out of the ground in the iiionfA of January. 
— In digging in the garden amongst the strawberry-beds (near 
where so many toads were observed last summer) in the middle of 
January in the present year, a nest of about a score young frogs 
were upturned. These were apparently three or four weeks old. 
This ground had been previously dug in the month of August and 
many strawberry plants buried ; it was amongst a mass of these 
plants in a state of partial decomposition that these young ones were 
observed. 

5. Young frogs are bred in cellars where there is no water for 
tadpoles. — In mentioning this subject to Mr Joseph Sidebotham of 
Manchester (an active botanist), he informed me that young frogs, 
and in fact frogs of all sizes, were to be seen in his cellar amongst 
decaying dahlia tubers. The smallei<t of them were only about half 
the ordinary size of tjie young frog wlien newly devu'toped from [he 
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tftdpole. He fardief stUcd that diere was no water in the colli 
ftnd no means of young I'rogs entering, except by first coming iola 
tho kitchen, a mode of entry, if not impassible, ti^Uly improbable, 
Mr SidebothaDi uever found any spawn. 

It Huetns probable from the above, that frogs are occaaionalljr 
born alive in situationa where do water can be fumid for the epawn 
10 bo deposited in, and that toads are either reproduced in the saue 
manner, or from the egg directly. The latter mode seems most 
likely, owing to spawn having been found previously to the yoiu^ 
toadE. 

Mr Higginbottom tells me, the Game remark on the birth of the 
Triton, witiiout the stage of tadpob, lias been mentioned to hlrn. 

These are the facts; should tbe subject be deemed worthy of 
further investigation, I shall be glad to continue obtervations upon 
these reptiles during the present year, or to make any experimeata 
that may be dtemed advisable.— (PAii. Magaxine, vol, v.. No. ^ 
4ih Series, p. 166.J 



SCIENTIFIC INTELLIGENCE. 

ASTROXOMY. 

1. Relation between the Spott on the Sunandthe Magnetic Needlt. 
— According to observations made by M. Rodolphe Wolf, director 
of the Observatory at Berne, it appears that the number of spots 
on the sua hare their maximum and minimum at the same time 
as the Tariatious of the needle. It follows from this, that the 
cause of these two changes on the sun and on the earth must be the 
same ; and consequently, frum this discovery, it will be possible to 
solve several important pi'oblems whose solution has hitherto never 
been attempted. 

2. On the PeriodiG Return of the Solar Spots. — M. Wolf, director 
of the Obseivatoiy of Berne, mentions in a letter to M, Arago, 
that he lias reoently been engaged in researches on tbe solar spots, 
and has arrived at some interesting couclusiuns on tbe subject. By 
a coniparjsuii of all the observations of the spots made from the epodi 
of their discovery down to the present time, he has discovered that 
tlie nviniber visible upon the surlace of tho sun in the course of a 
year, recurs at regular intervals of time. The mean duration of the 
period comprised between two maxima or initiima, he finds to be 
It'll 1 ±0'038 years, which, he saya, agrees much better with the 
variations in declination of (he magnetic needle, than the correspond- 
ing period of 10^ years assigned by M. Lamont. He has all 
ascertained that the years during which the spots iiave been most 
numerous, have been also the driest and most feitile, agreeably to a 
itimark oi'Sir William Heischel. — (Proceedings of the RoyolAttro- 
nomieal Soeicty.) 

3. Lunar Atmospheric Tide. — The faets derived a Cew years sinct 
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from the barometrical obaervations at St Heleiiu, shewing the existence 
of a lunar Mtnospberic tide, have been corroborated in the last year by 
a similar oonoIuBion drawn by Captain Elliot of the Madras Engineers, 
from the barometrical observations at Singapore. The iufluenco of 
the moon's attraction on the atmosphere, produces, as might be as.- 
peuttid, a somewhat greater oFToct on the barometer at Singapore, 
in lat. 1° 19', than at St Helena, in lat. 15" 57'. The barometer 
at the equator appears to stand on the average about 0,006 in. 
(mors precisely 0,0057, in lat, 1"19'), higher at the moon's culmina- 
tions than when ehe is six hours distant from the meridian. 

METEOROLOGY. 

4. Evaporation and Condengation. — The total quantity of dew 
believed to fall in England is supposed to amount to five inches an- 
nually. The average fall of rain is about twenty-five inches, Mr 
Glaisher states the amount of evaporation at Greenwich to have 
amounted to Qve feet annually for the past five years, and supposes 
three feet about the mean evaporation all over the world. On this 
assumption the quantity of actual moisture, raised in the shape of 
vapour from the surface of the sea alone, amounts to no less 
than 60,000 cubic miles annually, or nearly 164 miles per day. 
According to Mr Laidky, the evaporation at Calcutta is about 
fifteen feut annually ; that between the Cape of Good Hope and Cal- 
cutta averages in October and November, nearly three-quarters of an 
inch daily ; betwixt 10° and 20' in the Bay of Bengal it was found 
to exceed an inch daily. Supposing this to be double the average 
throughout the year, wa shall, instead of three, have eighteen feet of 
evaporation annually ; or were this state of matters to prevail all 
over the world, an amountof three hundred and sixty thousand cubic 
miles of water raised in vapour from the ocean alone. — [American 
Annual of Scientifio Discovert/ , 18S3, p. 371.) 

5. The Amount of Oxygen in the World. — '' Let us for an in- 
stant contemplate," says Faraday,* " thoenormousamount of oxygen 
employed in the function alone of respiration, which may be con- 
sidered in the light of a slow combustion. Fur the respiration of 
human beings, it has been calculated that no leas than one thousand 
milliouB of pounds of oxygen are daily required, and double that 
quantity for the respiration of animals, whilst the procosses of com- 
bustion and fermentation have been calculated to require one thou- 
sand millions of pounds more. But at least double the whole pre- 
ceding quantity, that is to say. twice four thousand millions of pounds 
of oxygen, have been calculated to be necessary altogether, including 
the amouut necessary in the accomplishment of the never-ceasing 
functions of decay. 

As stated in pounds, we can hardly create to ourselves any defi- 
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7,142.857 in a day. 
2,609,285,714 in a year. 
260,928,.571,400 iu a century, 
15.655,714,284,000 in 6000 years. 
Whole quantity, 1,178,158,000,000,000. 

Suoh being the daily requisition of oxygen in the economy of u 
ture, how great must be the total quantity existing in the world ^ 
WJiy, between one- half and two-thirds of the crust of this globe and ^ 
its inhabitants are composed of oxygen. This will be manifested to 
you most conveniently by inspecting a diagram wherein the demon- 
stration is made clear. 
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called patji^ive state ; tliat is to say, it does not reduce the copper 1 
solution of tlie neutral sulphate of copper, but remains bright! 
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I, the reduction of (he copper commencus iintnediately 
upon the meteoric iron. It also becomes active instantaneously on 
the addition of a drop of acid to the solution of copper ; but if the 
reduced copper be filed away, the new surfacB ia again pasEive, 1 
convinced myaelf by experiments on meteoric iron, which had 
never been in contact with nitric acid, and nevertheless was passive, 
that this state could not have been produced by the corroRion of the 
surface by the acid, for the production of the Widnia:nnstattean 
figures. I thought fii-st that this deportment might be employed as 
a means of distinguishing true meteoric iron ; but it soon appeared 
that some undoubtedly genuine meteoric iroD was not in this state. 
Seven specimens, from different parts of the world, examined, were 
found to be passive ; six reducing, or active, and four which do not 
become coated with copper immediately, but on which the reduction 
gradually commences after a longer or shorter contflct with tha 
cupreous solution, and usually from one point, or from the mai'gins 
of the fluid. 

These peculiarities appear to have no connection, either with tlie 
presence of nickel, or the property of forming regular figures on cor- 
rosion. I also found that an artificially-pMpared alloy of iron and 
nickel, which on corrosion acquired a damasked surface, reduced the 
copper from solution in the same manner as common iron. Whether 
this state is proper to all meteoric iron on its I'eaching the earth, 
and, as may have happened in the case of the active kinds, have 
only been lost in the course of perhaps a very long period of time, 
and what probable opinion can be formed of these phenomena, must 
be settled by experiments and observations of a niore extended 
nature. — (Poggendorft AnnaUn.') 

7. Crystallisation of Glass. — Some interesting experiments on 
this subject have been made by M. Leydolt in the course of his inveati- 
gationfi upon the crystallisation of the silicates. He had examined 
agate by subjecting it to the dissolving action of fluohydric acid, 
and obtained a surface with projecting crystals of quartz, that were 
left untouched by the acid. On subjecting glass in the same manner, 
he was surprised to see that it was far from homogeneous in its tex- 
ture. All the kinds of glass examined contain more or less perfectly 
distinct crystais, regular and transparent, encased in an amorphous 
base. The crystals were brought out by exposing it to the vapours 
of fluohydric acid, and vapour of water, and arresting it when tlie 
crystals appear ; the amorphous part is a little the most soluble in 
the acid. ^I. Leydolt observes also, that some natural crystals pure 
and transparent, and apparently homogeneous, present similar defi- 
ciency in homogeneity with the glass, and he has the subject under 
fiirther examination. — (^Americitn Annual of Seientijie Discovery, 
1853, p. 210.) 

8, On Diopside and Molybdale of Lead, Furnace Products ,■ hy 
J. Fr. L. Hausmann (Acad. Sci. Gottingen ; L'ln/ftitut, No. 956, 
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April 28, p. 131). — The crystals of dioptiida were from » Swedistf 
furnace at tiamnielbo in Westmaiuiland. They are two or three li 
long ; tninelucent or transparent ; grayish, pearly, to greenish o: 
dish gray. 
G. = 3'127; H:. = e; composition — 



Al 



Mg 



Ca 



Mn Ka 



64-6e 1-54 1537 2356 00 



l-6( 



1-94 M6=100.J 



formula, Bi 3 Si 2. 



ad was found iu a reverberator/ furnace B 
I crystals very much like the nataral firjv^ i 



corresponding t 

The molybdate of I 
Bleiberg in Cftrinthia, i 
tallisations. 

9, Formation of Arragonite, Calc-apar, Brockantite, and Maich' 
eJiite. — M. Becquerel Eome time since shewed that calc-spar may be 
obtained in primary rhombohedrons, through the slow reaction of a 
solution of bicarbonate of soda, feeble in degree (2°), on laminae of 
sulphate of lime or gypaura. On esperinienting with a solution 
marking five or sis degrees, the carbonate of lime crystallised ii 
trimotric system, or in other words as arragonite. It is hence not , 
surprising that arragonite should bo found in gypseous and saliferouB | 
deposits, like those of Spain, Salzburg, and elsewhere. 

Calc-SfiaT may also be obtained by the action of a solution 
potash marking 10°, on gypsum, the solution being contained i 
fiask imperfectly closed. In this case the carbonic acid is derived J 
from the atmospher 

Brockantite (subsulphate of copper) is easily obtained, looking* 
like native specimens, by putting a piece of porous limestone in con- 
tact with a saturated solution of sulphate of copper. The Brochantite 
is deposited upon the limestone in small crystalline tubercles along 
with the crystals of gypsum. 

Malaakite (Cu C + Cu H) may be obtained by the reaction of 
coarse porous limestone on a solution of nitrate of copper, marking 
12° or 15°, and when the action ceases, by plunging the mass into 
a solution of an alkaline bicarbonate marking 5° or 6°. The piece of 
limestone in the Grstcasebecomes covered with subacetate of copper; 
and this subacetate, in the next step, changes to malachite, or if 
prolonged, to a double carbonate of copper and soda. The mala- 
chite is in small silky globules. 

10. On iht Arti/cial Formation of Malacltite ; by M. Henri 
Rose (Kiinigl. Preuss. Akad., Oct. 1851). — When a solution of 
sulphate of copper is precipitated in the cold by carbonate of soda 
or potash, the precipitate is at first voluminous, and of a blue colour ; 
but left for a while and then washed, it becomes more dense and of 
a green colour. It has the composition of green malachite as found 
in nature. 
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BOTASy, 
U. The Effeot ofvery Low Temperature on Vsgetation. — In 
1838, I published, says M. A. de CandoUe, in the Bulletin de la 
Classe d'Agriculture de Geneve (No. 120, p. 171), in an article on 
the intense cold of January 1838, the following reniarks. Aftei- first 
alluding to tlie observations of FIctet and Maurice, who found tbe 
temperature of the centre of a chestnut tree below zero, and also the 
experiments of M. Ch. Coindet, who after a prolonged cold Lad ex- 
tracted from the middle of a large tree small crystals of ice. These 
trees are howevei' not dead. I have myself, after a cold but little 
intense, seen crystals of ice in the interior of the buds of several 
trees which have not suffered from it. Young branches, the buds 
of many trees, and the leaves of the plants of our country, are in 
winter often penetrated, beyond doubt, with a cold several degrees 
below zero (centigrade) ; and although the viscous liquids of the 
slender tubes congeal with difficulty, it must frequently happen that 
congelation takes place, without the plant or the organ perishing. 
Thus cold does not Icill vegetation by a inechaiiical action proceeding 
from the congelation of the liquid, as somo naturalists pretend. We 
must recognise rather a physiological action, that the vitality of the 
tiflsue is destroyed by a certain degree of cold followed by a certain 
degree of heat according to the peculiar nature of each plant. The 
vegetable and anima! kingdom, according to this view, will act alike. 
In the same manner as the gangrene that sets in after tile thawing 
of a frozen part causes the death of an animal tissue, so the change 
or putrefaction which follows a rapid thawing will be the principal 
cause of the death of the vegetable tissue. It is well known in prac- 
tice how to manage the transitions of temperature to preserve the or- 
gans of vegetables. Since 1 838,untilmyconnection with the Academy 
of Gfeneva ceased, I stated in my armual lectures that cold may 
act in two ways on vegetation, either physicaUy, by the contraction 
or CDDgelation of the liquids which often does not kill them; and 
physiologicaUy, by an action upon the tissues and upon vegetable life, 
which the laws of physics do not account for. The most striking 
example of this last is the immediate death of hothouse plants when 
exposed to a temperature of + 1 or + 2° C, which causes no con- 
gelation. The action of the same degree of temperature is very 
different on two allied species, and sometimes on two varieties of 
he same species. 

12. Sleep of Plants in the Arctic Regions. — Mr Seemann, the 
naturalist of KeUett's Arctic expedition, states a curious fact respecting 
the condition of the vegetable world during the lon£; day of the Arctic 

nmer. Although the sun never sets whilst it lasts, plants make no 
mistake about the time when, if it be not night, it ought to be, hut 
regularly as the evening hours approach, and when a midnight Bun 
is several degrees above the horizon, droop their leaves and sleep 

in as they doat sun?et in more favoured climes. " If man," observes 

■ Seemann, " should ever reach the pole and be undecided which 
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way tg turn, wheD his compass has become Bluggish, bis tim 
out i>f Older, the plauts which he may happen to meet will shew h 
the way ; their sleeping leaves tell him tliat midnight is at hand, and 
that at that time the sun is standing in the north. — {/Jm 
nual of Scientijio Discovery, p. 231.) 

ZOOLOGY. 

13. Profeaaor Agassis: on the Colour of Animals. — ProfsBsor 
Agassiz is of opinion that the coloration of the low 
in water, depend upon the condition, and particularly upon the dep1 
and transparency of the water in which they life ; that the coloi 
tion of the higher types of animals is intimately related to their struc- 
ture ; and that the change of colour which is produced by age in many 
animals is connected with structural changes. Coloration is valuable 
as an indication of Etructure ; and it is a law universally true of 
vertebrated animala, that thoy have the colour of the back darkar 
than that of the sides ; and that the same system of coloration pre- 
vails in all the species of a genus, partially developed in some, bui, 
recognisable when a large number of species is examined. 

14. The Tsetse, or Zimb, of South Afnta.—T\i& Tsetse 
name given to an ini'ect found in the interior of South Africa. I'be 
most curious fact about this insect is, that while its sttng is harm- 
leSB to man and wild animals, it is certain destruction to horses, 
cattle, sheep, dogs, or any other domesticated brute, except goats and 
young calves. Several instances are known where all the cattle, 
horses, and dogs, of a traveller have been swept off by it. A horse 
was taken among them by a doubter; about fifty settled on him, 
and immediately he began to lose flesh; in eleven days he was 
dead. When an ox is bitten, at ence the countenance stares, the 
eyes run, he loses strength, swells under the jaw, staggers, grows 
blind, and becomes emaciated, which continues sometimes for 
months, when death ensues. Upon removing the skin, a great 
many air-bubbles are found on the surface of the body, under the 
cellular membrane. The fat is of an otly, gkssy consistence, and 
of a greenish-yellow colour. The heart is soft and pale, lungs and 
liver diseased, and the gall-bladder unusually distended with bile. 
The niuscles are flabby, the blood contains very little colouring 
matter, and not a pailful is found in the body. There is no such 
thing as becoming accustomed to them, and the natives in the loca- 
lities where they abound, are unable to raise a single domestic 
mal. In the same districts, elephants, buffaloes, zebras, gnus, &c., 
live unafl'ected by the tsetse. A dog fed on the meat of _^ 
lives ; one reared on milk, falls a victim to them. It is said that 
game meat is possessed of a peculiar acid found but sparingly 
tome animals; perhaps this may be the antiseptic. But then why 
do calves who subsist on milk escape ? Sometimes an entire herd of 
cattle is cut off, excepting the calves, and these follow likewise 
kept in the region for a year or tvio.—^Ameriean Geographical 
Soeieti/.) 
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Indications of Glacial Action in iVor(A Wales. By Sir 
Walter C. Trevelyan. Iii a Letter addresaed to Pro- 
fessor Jameson. 

WiLiiNOTON, Morpeth, Hth Jali/ 1853. 

My dear Sir, — Several years ago, when in North Wales, 
I made notes of several indications I observed of glacial ac- 
tion ; and as some of them liave not, I think, been noticed by 
other observers, I send you a copy of some of the notes I mF.de 
at the time (in September and October 1S44), thinking that, 
if yoa should consider them worth a place in your Journal, 
theymay interest some of your readers, and draw attention to 
localities which would, I think, repay further examination. 

On Snowdon, on the west side of the small lake at the foot 
of the bold precipice of Clogwyn dur Arddu, is an enormous 
moraine of large angular fragments, derived from tlie peak 
from which it ia separated by the lake ; its position can only 
be accounted for by the deep interval having been filled with 
ice, over the surface ofwbicb the fragments of rock had fallen. 
Some of the rocks at the base of the peak above the lake, and 
by the side of the stream by which its waters escape, have 
been rounded and scratched by the action of ice. 

In Cwm Llan, at the eastern foot of Snowdon, is a terminal 
moraine, the last probably left there by the melting glacier ; 
it stretches across the termination of the Cwm in a semi- 
circular form, and incloses several acres. The exterior slope 
IB about double the height of the interior, probably owing to 
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the accumulation against the latter of debria brought donnfl 
by winter rains, for there is no stream punning into the CwaS 
The rocks on the side of the Cwm are rounded, scratclicdH 
and polished. ^ 

At the head of the pass of Nant Francon, near Llyn Ogwen, 
on rocka on the south side of the Ogwen, are curious glacial 
niavkings crossing each other at right angles. The deepest 
groovings, and those which appear to be the most ancient 
(the polish and minor scratches having disappeared), indicate, 
I think, the existence of a glacier ranging down the valley 
from Llyn Ogwen. These groovings are crossed by Bmaller 
scratches and polishing, which appear to be more recent, and 
to have been caused by a glacier descending from Llyn Idwal ; 
which, originating at a higher elevation, naaj possibly have 
continued to exist for some years after the disappearance of ] 
that In Llyn Ogwen, butli liaving previously been imited in , 
one glacier at this point. 

The marks of glacial action are very frequent aboat Oader <l 
Idris. At the base of the north peak of the mountain i» a 
small lake nearly filled by tori-ent-borne debris, and in front 
of it a considerable transvei-se moraine, and also lateral ones.. 
as there are also near Llyn-y-Gader, at the north-west baas ' 
of the principal height. These moraines are very eztensire^ 
and visible at a considerable distance, as was well shewn in 
Glover's Panorama of Cader Idris, and in the engraving of i 
it, where they are described as " immense beds of lava." 
Gi-eat part of the moraines are quite bare, and form a very 
striking scene of desolation ; they are formed in parts of 
enormous angular fragments, as of the wreck of a mountain. 

In the neighbourhood of Barmouth I traced the marks of 
glacial action and boulders to the height of about 1450 feeti i 
above the sea. The marks indicate a glacier coming dowa 
the valley from Cader Idris ; and from the great height at 
which they appear, and the direction of the marks after they 
have passed over tlie summit ridge, would also tend to shew 
that at one period of the glacial era great part of the country 
had been covered with ice, and that it was not merely limited J 
to the mountain valleys. 

There is hardly a valley in North Wales, as in most moutb- 
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tamous coQiitries of the north of Europe, in which decided 
marks of glacial action may not be observed, but I think I 
have mentioned above some of the most remarkable cases. 
Yours very truly, 

W. C. Tkbvelyan. 

To ProfoBsor Jamesun. 



On the Mammalia of the Fish liiver Bush, South Africa, 
•with notices of tlieir Habits. By Mr William Black, 
Staff A eaistant- Surgeon. Communicated by the Author. 

(Cotitiimtd from p. 83.) 
The Elephant and lihinoceros have years ago left the re- 
treats of the Fish River Bush. The present Colonel Ann- 
strong recollects, when as a subaltern stationed atFort Brown, 
of passing through a herd of elephants on the Koonap Hill ; 
and it was the common practice for the men of the detach- 
ment there inhis time to hunt them on the Committee's Flats 
in the valley of the Ecca. A solitary sea-cow, or Hippopo- 
tamus, here and there, still lingers in the Fish River, below 
Trumpeter's Drift, and there still remain several of them 
in the Keiskamma. 

The Biiffalo still haunts, though in few numbers, the bushy 
kloofs and sides of the hills between tlie Grass-Kop and Com- 
mittee's and Double Drift, and one or two have been killed 
in that neighbourhood, since the last war, by some boers living 
between the two posts. They are hunted with dogs, which 
bring them to bay, so as to afford a good shot behind the 
shoulder, or about the ear. The forehead is impenetrable, 
the brain being there protected by an enormous thickness of 
bone, forming the standing for the horns. They are exces- 
sively savage when wounded, and sometimes they evinco ft 
cunning which will prompt them to feign death, so as to de- 
lude the unwary to venture too near, when the infuriated brute 
summons up his strength, and rushes on his adversary to his 
almost certain destructio'n. 

The fawn-coloured Koodoo (Antelope Strepsiccros), with 
its spiral- twisted boras,— absent in the female, — one of the 
handsomest of the large bucks, may be observed in small herds 
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or solitary about the Fish Rivtr Ka^nd, where they graze in 
open glade, on the summit of that range, but their refuge is 
in the bushy kloofs of the Kinga. Their spoor, horse-shoe 
shaped, and with the cloven mark in its axis, may often be 
seen leading from thence to the banks of the Fish River on 
one side, or the Koonap on the other, in search of water; 
though the gratification of this appetite does not appear to be 
daily necessary in any kinds of buck. They also frequent the 
country between Double Drift and the Grass- K!op, and that 
eastward of the Fish River, and some have been seen up aa 
far as Liewfontein, on the road to Fort Beaufort. They COBU 
out to feed in the early mornings and late evenings in tfai 
open spaces of the bush, and also browse on particular kinds of 
delicate shrubs, while their spoor may be seen covering the 
ground in such spots. During the heat of the day they lie 
down in the recesses and cool shade of some bushy kloof, near 
where they had been feeding. In wet and cloudy weather 
they ai'e less shy, and like most bucks seem then to dislike 
the shelter of the bush, it is said from the di-ippiog of the 
water through the foliage. In such weather the sportsman 
can easily follow the spoor and need not desist from his toil 
during the day, as probably he may at length come upon the 
animal or herd feeding. In dry weather, it is rather arduons 
sport. Sometimes they may accidentally be discovered about 
sunrise out feeding, and in such a case great caution must be 
used in approaching them, from their acute sense of smell 
and hearing. Its ear is large and lobed, and well adapted 
for detecting the approach of danger, especially from wind- 
ward. Various covei-s of small bush, hillocks, ant-heaps, &c., 
may be employed to obstruct their seeing your approach; 
and some people have actually taken off their shoes and crept 
on their hands and knees to get within gunshot. Should 
the animal, however, get alarmed, his hound is fine, clearing 
the bush to his own height, and dashing down thus by re- 
peated leaps, deep into the hollows of some contiguous kloof, 
whence being in a state of alarm it would be vain to follow 
him. The boer proceeds to hunt him otherwise, by travers- 
ing the country on horseback, till he finds a fresh spoor, 
which is followed through every difficulty of ground and 
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bush, at the imminent risk of the clothes of an unaccuatomed 
stranger being torn into shreds by the prickly thorns of the 
shrubbery. When the morning's spoor ia traced, or the ani- 
mal has been seen unalarmed on entering a kloof, the dogs 
are fetched, and some of the hunting party enter and station 
themselves about the head of the kloof, while the dogs are 
led by another of the party into the bottom, and are driven 
up so as to turn out the animal, which flies before them, and 
passes, perhaps, within gunshot of some of the former party. 
A well-known boer was accustomed in this case to follow on 
the spoor atone, being stripped to the skin, and carrying 
merely his bandelier round his waist, and his gun in his hand, 
with his tobacco-pipe, which he lit every now and then to 
observe how the wind set. Should it be with him he rested 
till it took a more advantageous direction, when he carried 
on the track farther through the bush. As the breaking of 
a twig might be heard by the wakeful animal, or the rustle of 
the thorns on his clothes, he had stripped himself naked. So 
following on by cautious degrees, every now and then light- 
ing his pipe and ascertaining the course of the wind, he would 
at last come right upon the koodoo, lying in repose in his 
cover in the bush, and, have ample leisure to take a fatal aim. 
The flesh forms the richest venison of any of the bucks of this 
part of the colony, and what is not required for immediate 
use is cut into strips, hung up and dried iti the sun, forming 
excellent biltung. The skin, as large and longer than an ox's, 
is cleaned and pegged out on the ground to dry in the sun, and 
is afterwards used for various farm purposes by the boer, or 
sold, — chiffly being useful as the best material for vorslaghts, 
the lash of their great waggon whips. Its value may be about 
£1 a skin, which further makes excellent leather when dressed, 
&C-, for shoes. 

The next largest buck frequenting this bush is the powerful 
5«s/(&i(c^'(Trage1aphus,/l.sj//i'o;i)C«),of adarkbrown colour, 
having black spiral horns with a ridge, the number of twists 
corresponding to its age. It is further recognized by half-a- 
dozen white spots on the hind quarters, and one on the cheeki 
a short tail, white underneath. He wants the usual lachrymal 
sinus, like the koo<loo, the large lachrymal line of the buck's 
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head here being quite flat on its aspect to the cheek. The 
female has no boroa, like all those of that sex of the ante- 
lope kind inhabiting the Fish River Bush, and she is seldom 
seen. The rump and mammary region are white. The 
male and female of atl the smaller bucks are diBtiDguished in 
the country as ram and ewe, while in the koodoo and other 
larger ones, they are called bull and cow. Infruinal eacs 
are also possessed by the male bushbuck. It frequents the 
deepest and thickest kloofs aod bush, and ia very ehy, 
though extremely ferocious when wounded, and can inflict 
senous wounds with its sharp-pointed liorns. The Hotten- 
tot or boer, knowing the habitat of any animal, as they are 
generally solitary, stations himself by dawn in some little 
krantzo or rock under cover of a bush overlooking a kloof, 
and silently awaits the buck coming out to feed at sunrise 
at the edge of the bush, in the open space or glade, and per* 
chance may obtain a view within gunshot. In very dry wea- 
ther they come down from the higher kloofs and live in the 
thick lofty bush on the banks of the river, so that the water 
IB nearer i and here the spot they frequent on the banks may 
become known to the hunter by the frequent spoor, which is 
lancet-shaped and marked with the cleft in its axis, which 
he takes advantage of by stationing himself within proper 
range on the opposite bank, and awaiting the buck's time of 
repairing to drink in the evenings. They may also be started 
by following a morning's fresh spoor to their cover in the bush. 
either with or without dogs ; and an opportunity for a shot 
may be obtained as the buck rises and bounds off, which he 
does with remarkable power and speed, clearing much over 
his own height. A favourite plan of hunting bucks in Lowffl? 
Albany adopted by the English farmers, where a kloof can 
be found separate and surrounded by open country, is in sta- 
tioning the party with their guns around it at various dis- 
tances, and sending in beaters up from the bottom of the 
kloof to scare the game, which rush out according to their 
number from the edge of the bush, and afford fine practice. 
A common plan adopted by the Hottentot in the shooting of 
smaller bucks of all kinds, is in discovering an open spot of 
giound which, from the spoor and quantity of fresh dung, he 
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judges is a. favourite feeding ground, and excavating a faol- 
low in & close bush within range of this with his knife, where- 
in he conceals himself before sunrise with his gun, ready 
on the watch for a buck displaying himself in the open glade 
which he comiuands. These coloured people are peculiarly 
expert in this stealthy kind of sport, which skill their rebel 
brethren have turned to a too fatal use in the war; they otlier- 
wiae will walk cautiously over a favourable tract of bush 
country, where there are clumps and open gladea, and tak- 
ing views every now and then from behind different shel- 
ters, till they by good i'orlune espy in the morning or even- 
ing some unwary buck out feeding on the edge of a clump, 
and are almost certain to tn-ing back one or two on such 
favourable occasions. A knowledge of the habitats of the 
various smaller bucks can be readily acquired by observation 
of spoor and the presence of their dung — their freshness, or 
otherwise, leading one to form an opinion of the proximity 
of the game. During the day, when they are lying down 
from the shelter of the sun, they may be flushed by good dogs 
who understand them,' when one may get a chance of a shot, 
as they rush out of the bush and bound off; but this mode of 
sport requires a great rapidity of aim to be very successful, 
as their speed is very great. 

Showerycloudy weather is the best to follow this sport; the 
bucks then leave the denser, cooler kloofs, and frequent the 
more open bush for the fresh grass and other green food. 
The breaking of a fore leg does not prevent the entire escape 
of a wounded buck, but injury to a hinder limb cripples it 
much more, though not to the extent but that probably a 
good dog would be requii-ed to capture him. From the na- 
^F ture of this part of the country, it is impossible to course 
^V them, and all common dogs cannot attain tlie speed of the 
^H buck, nor are they able to clear obstacles which the latter do 
■T by most astonishing bounds. Nest to the koodoo, perhaps, 
H bushbuck venison may be reckoned as palatable as any ; but 
^^ all these smaller bucks are devoid of fatty materials, and the 
^1 flesh is very dry, so that to render the meat quite acceptable, 
^1 it requires to be dressed in peculiar ways. The English far- 
^^ mers sometimes, when sport is no object, and the mere pro- 
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curing of the skins and flesh for sale or conanmption their 
aim, adopt a more wholesale method of capturing the amaUer 
bucks of all kinds, and one that requires no expenditure 
of time. The River Bush is the most frequented resort of 
these animals during dry seasons, and their resort in any fa- 
vourable numbers is easily ascertained by the quantity of 
spoor. Cei-tain narrower tracts of it are bushed in after the 
manner of a kraal-fence, right across from the river bank to 
the outside edge of the bush, say for 80 yards, except a single 
narrow opening through which the bucks must pass whea 
traversing the length of the bush to or fi-o. At this spot a. 
trap is set, a hole is first dug, and a long spring of bush tree 
fixed in the ground close by, to the upper end of which 
tied a riem or rope, having a running noose at the lower end, 
which is fixed by a small easily-loosened stick, round the mar- 
gin of the hole, the spring being then beet dowO to its ut- 
most. The opening of the hole is covered by other smaller 
sticks, over which are placed loose grass and rubbish to hide 
its artificial appearance. The buck in passing through puts 
his foot on the covering, which the pressure bruises down, 
the noose is liberated, the leg caught, and up springs the 
bender, and so holds the animal in spite of all his endeavours 
to escape till the poacher arrives. This plan is recommended 
from its not injuring the skin of the animal by any wound, 
80 that its market value is not lessened. The Caf&es in this 
country aometimea use a nearly similar method, bushing across 
a space of the river bush, leaving a single opening where 
a deep hole is dug, in the bottom of which is fixed an upright 
sharp-pointed stake, and the opening of the hole is covered 
lightly with sticks and grass. The buck, instead of being 
ginned, is here staked. The skins of all these smaller bucks 
are valuable, being, when prepared with the panion, made 
into carosses, bed-covers, carpets, &c., for use in the colony, 
and further form very fine leather stuff. Their usual selling 
price in the Graham's Town market is from one shilling to 
one shilling and si.tpence. 

In all these smaller bucks the stomach has tbe four cavities 
of the ruminant, The paunch contains a large quantity of 
semiHuid half-digested vegetable matter, the reticulated ca- 
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vity tbe same, which in the vianiplua, however, ia quite dry, 
preparatory to the chymification effected in the true stomach. 
The food in the fourth cavity ia similarj but more liquefied 
than in the first two cavities. The caecum is large, contains no 
formed fieeea, and the small intestine enters into it at right 
angles to its axis by a small constricted opening, situated 
about three inches from the cul-de-sae extremity. The colon 
is much narrower than the cEcum, and at its commencement 
performs two complete circular folds in a separate plane of 
peritoneum, before becoming a movable free viscus in the 
abdominal cavity. The spleen ia not larger than a crown- 
piece, flat, and lie» against the left surface of the stomach. 
The pancreas is also small and flat in shape. Tbe smallnesB 
of the former organ is probably commensurate with the large 
circulation of the intestinal tube, affording sufficient amount 
of portal blood for the liver, and with this circulation being 
in these animals in a state of almost constant acti\ity, and 
thos afl^ording a constant supply ; while the periodical state 
of these matters in the carnivova may afford greater ground 
for a larger supplementary organ to receive an unrequired 
influx on the stomach and intestines, and sustain a steady sup- 
ply of materials for the liver to elaborate ioia bile for an en- 
suing period. t 

The Dui-Ru (Cephalophus), so called from its hounding 
mode of progression, is a species of antelope, and rather nu- 
merous in the Fish Uiver Bush, where it inhabits the darker- 
coloured ground covered with clumpy patches of bush. Both 
its spoor and dung are peculiar from the others, and its ha- 
bitats consequently become known by these means. It has 
beautiful shining dun-coloured hair, short erect horns, with 
three or four annulations at the base, and is marked by a 
black stripe on the forehead and nose, and an S- shaped streak 
beneath eaeh eye, indicating the situation of the orifice of the 
lachrymal sinus. It has a short tail, white underneath. Its 
speed is very great; in fact swifter than any other kind 
of the smaller bucks of the colony, which is attained by its 
numerous bounds, each clearing about 30 feet of level ground. 
As an object of mere sport, it has very great chances in its 
faTour for escape. Its skin forms good carcases, and its 
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capture for tliis object is elfected by the various means. aboT(^| 
detailed. ^| 

The Crrfe«I'UL!i('orGrieesteenback (Trngulus), rather sm^lei^| 
than the dui-ru, takes its colonial name from the reddisIi-^H 
gray coloured akin. Its horns arc short, straight, and smoothv^f 
and it paatiesses no tail. Inguinal sac in the male, fourteatl^H 
in the female, and a lachrymal sinus, are further characteristJCsS 
of ita antelope species. It inhabits a part of the bush-beli4 
where the ground is sandstone and clayey, and of a colour 'I 
apparently assimilated to that of the fur. It is far inferior to J 
the (lui-ru in speed, being apparently only gifted with runnuig;^| 
Its skin is scarcely so valuable as that of the dui-i-n. "^M 

The Steenbuck or BUekbuck (Tragulus) is about the aiz^H 
of the dui-ru, and frequents bush growing chiefly on s&ndjiS 
clay ground. Its fur is of a shining reddish-yellow colontv^l 
the belly white, and the mammary region bounded by a black^ 
border on each side. It has two black stripes on the forehead 'I 
and one on the nose. The horns are erect, short and smooth, J 
and there is no tail. It partakes in a great measure of pe- I 
culiarities proper to the dui-r<i and griesbuck. Lachrjmat I 
sinus also is present. Its fur is less valuable than either of I 
the other two, from the coarse nature of the hair, and in con- I 
sequence little employed for carosaes, but the akin makes as I 
good leather as the others. Its speed is intermediate be- 1 
tween the two former, but its appearance in a natural stata I 
is prettier than either. Pairs are generally found together, I 
or may be started by the dogs from bushes not far separate ; J 
in the totality they are not so numerous as the other tm>. ■ 

The excretory orifice of the lachtymal sinus is single ia H 
the griesbuck, and opens in a black spot beneath the eye on fl 
the check. The buccal aspect of the lachrymal bones in this^f 
and the dui-ru and hleekbuck is hollowed for the reception of fl 
the black -coloured lacrymal sinus, which appears to abound in.H 
dark pigmentary matter like sepia, hut the excreted fluid when jH 
seen ia colourless. This gland has no connection with thft H 
orbit or eye, and its excretory ducts arc single in the griee- fl 
l)uck and hleekbuck, but open by many pores in the S-shaped 
black stripe on the cheek of the dui-ru. If any use is to be 
assigned to it as possessed by these three species of f 



f ante- ^^J 



Fwh River Bueli, Sotith Africa. 203 

lopes, on what grounds la it dispensed with in the bushbuck 
and koodoo, which inhabit this bush-belt also t It cannot be 
for any object connected with the lubrication of tlie eyeball, 
as it is placed underneath it, Bo that its anatomy throws no 
light apparently on its function. 

The Wild Pig of the Fish River Bush (Phascoclusrus) ia 
seen in two varieties, the larger of a dirty white colour en- 
tirely, and possessing three excessively-developed cartila- 
ginous tubercles on the face on each side, two nasal, in ap- 
pearance like horns, two orbital, and two buccal, which pro- 
bably serve aa fenders from injury to the eyes, in its progress 
through the thorny dense underwood. These prominences 
do not exist in the sow, which has a smaller head, but is 
otherwise similar to the boar. This variety goes by the ap- 
pelation of witkop amongst the Dutch farmers. The smaller 
variety called rocahkop, is of a dirty reddish-brown colour 
on the body and limbs, but the hair of the head becomes 
gray In the older individuals. The young of this kind 
have a general brown colour, with two or three longitudinal 
reddish stripes on each side extending from the head to the 
tail. The nasal tuberculations seem only here to attain any 
size in the male, and are entirely, as in the other variety, de- 
ficient in the sow, which is also somewhat smaller than the 
male, but otherwise similar in appeai-ance. The ears in both 
are erect. The distribution of the teeth in both varieties is 
as follow: incisors l.caninesj — ^, molars ^=30. The upper 
canines rest on their sides, and, directed outwards, seem mere- 
ly for the purpose of keeping the two edges of their opposites 
in the lower jaw sharp by their grinding action, as their fibres 
will act perpendicularly against those of the lower tusks lon- 
gitudinally. These animals afford excellent sport during the 
day, when the boer hunts them with a pack containing a few 
strong plucky dogs which have been accustomed to the sport. 
They frequent the dense bush and thickets, seldom the River 
Bush, and during the day may be turned out of these re- 
treats, where they repose, by dogs knowing their scent. They 
tJien immediately make off, and iu difficult thick country give 
a long chase to the pack, but in more open country are soon 
run into, as they cannot keep up any lengthened speed, though 
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rapid for short distances, When they have taken to tin 
dense bush the hunter waits, listening from some overlooSs 
ing spot to the bark of the dogs, and hearing bow matte 
are going on, till he becomes aware by the soimd thai 
the pig is brought at length to bay, when he then endea 
voura to get as best he can through the bush, to the **' 
sistanee of his dogs, who would in a long contest moat] 
probably lose some of their numbers. The best of the 
dogs, when the pig is brought to bay, run up at once, and 
fasten upon him by the ears, snout, lip, i&c. the others 
assisting, and thus hold him fast, and prevent him doing 
much mischief, till the boer's knife between his ribs or a 
bullet puts a termination to a struggle, which, if_not tlms in- 
terfered with, moat likely would end in the defeat of the pack, 
and death of some of tlie dogs. In every seizure generally ■ j 
one 01' more dogs get wounded by the formidable tuaks, and 
some are killed altogether, either by the belly being ripped 1 
up, or the veaaels of the neck in front of the chest lacerated jj 
and pierced. Hesitating dogs are liable to suffer most, ) 
may be inferred. By moonlight the wild pigs come out n 
their retreats, especially during and after rainy weather, whe| 
the ground is soft, to feed on the roots, bulba, &c-, which thej^ 
fancy, and lai^e pieces of ground may sometimes be seen^ 
ploughed up by them, after a single night's ranging. They ( 
may then be hunted very successfully, and aometimes shot 1 
when discovered out alone feeding. The fiesh of the yonng 1 
is fair pork, but not very fat, and the skins of tlie older seem [ 
the only valuable part, of which the boer makes his veld- 
schoons, or covers bis saddle with. The fleah of these pigft I 
iamoat frequently allotted by the boer to feed his dogs, and i» .I 
cut oif the carcase on the spot, and devoured by thL'm raw. 

Of the common Bush Tujer or Leopard (F. Leopardta)i,M 
there are generally two kinds seen, a smaller and larger, iinJ 
habiting the densest bush of the koppies, kloofs, and krantsei^ 
They are a great nuisance to the sheep-farmer of the Buat 
country, preying on his flocks, and are said to be very partif^ 
to baboons' flesh ; some skins of the larger kind with the loDgl 
tail reach eight or ten feet long, while the smaller average 1 
about five or four. The spoor of some attain the size of th&4 
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of a horse or ox's, or larger, recognized from that of the wolf or 
dog by their circularity, and the absence of claw-marks. They 
are sometimes bunted wilh a pack of good dogs by the boera, 
and when brought to bay, despatched with the roer. Other- 
wise they are caught in traps placed not far from the kraals ; 
a large wolf- trap, with teeth, is set in the gi'ound, covered 
over with rubbish in a sort of small kraal of hush, at the 
entrance of which it is placed, and opposite to it about two 
feet, is staked a piece of fresh meat. The animal is obliged, 
in order to get at this, and tfar it off its fixture, to pass over 
and tread upon the plate of the trap, which by the pressure 
instantly loosens the spring, and the animal is caught by 
the limb. The trap is not fixed firm, so that the tiger can, 
if he pleases, walk off with it attached to his leg into the 
cover of some neighbouring thicket or kloof, as, if not per- 
mitted to do so, he would break or eat off his own limb, and 
BO escape entirely. The hoer next morning misses the trap, 
collects his dogs, and goes on the spoor, and is not loog in 
discovering the retreat of the exhausted tiger. Their skins 
are valuable ; the larger being rated at about 30s., and the 
smaller 15s, to purchasers ; and ai'e used for caresses, and 
chair and sofa covers. A few years ago, a fine young boer 
met an untimely end from being attacked by one of these 
ferocious creatures. He went out with his dog and gun, ac- 
companied by a Caffre servant, to look after his sheep, during 
the day grazing amongst the bush of the Fish River, near 
the Kat River junction. The dog scented and discovered a 
tiger in a neighbouring kloof, and the servant having ascer- 
tained that such was the ease, requested his master would 
enter the bush with him, and kill the tiger. The boer de- 
clined at first, telling the Cafi^re he could not tmst him in a 
fight, and knew that he would run away at a critical time. 
However, the contrary assurances of the servant at length 
prevailed on the boer, and both went in to attack the tiger. 
The dog having shewn them his whereabouts, though still under 
some concealment from the foliage, the boer fired, and wounded 
the animal, which immediately sprung out, and ere the shot 
could be repeated, felled his antagonist, and the gun was thrown 
out of reach in the fall ; the boer now cried out for his ser- 
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Tant's assistance, but tlie coward liad fled. A loi 
now ensued for life and death, the boer had got 
but the tiger kept repeatedly springing up at his throat, and 
was as often shaken off by the hands. So rapid was this 
action that had it not been for the timely courage of tie dog 
at length seizing and biting the tiger severely on the flanks, 
and diverting its attention for a moment, that enabled 
to reach his gun, and despatch bis enemy, the boer w) 
have been worried on the spot. Assistance from some 
ing people enabled him then to reach his home, but 
folly lacerated in tlie shoulders, arms, and scalp, and funt 
from the loss of blood. Death in ten days, however, put a 
period to his sufferings, which continued till then inteOB^ 
the wounds never having become healthily inflamed or sup- 
purated. Other accidents of this nature have occurred id 
contests mth this formidable savage of the forests, and an 
8o generally fatal that a tiger's bite in the country is radc- 
oned poisonous, for which perhaps there may be some ground 
in analogy with that of a rabid dog, and from a received 
opinion that the salivary juices of carnivorous animals in a 
state of passion become morbidly changed from their coft^ 
stitution in health. 

A few individuals of the lied Cuba Lyiur (Fells Lynai) ar« 
found in similar situations to the tiger, and are caught and 
destroyed by similar means, by either dogs or traps. They 
are equally a nuisance to the sheep-kraals, and like the wild 
cat, prey upon fowls and such domestic birds. Their fUr is 
reddish-yellow above, rather wliitisb underneath ; the inguinal 
regions have a few dark brown spots scattered on them. The 
tail is black at its extremity, and the nearly erect ears, of a 
dull lead colour, are tipped with a pencil of fine hairs. Their 
skins are valuable for carosses and such purposes. 

The Wild Cat (Felis Serval, F. Cuv.) is found everywhere 
in bushy country, and is very destructive to feathered game. 
It sometimes attains as large a size as the small tiger, and is 
of great comparative length of body, and the tail becomes 
very bushy. Like all these feline animals, they are found 
amongst busby thickets, or else may bo seen ensconced 
trees, awaiting to spring on their prey beneath. 
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Several communitiea of the Bavian, or Ursine Baboon (Q/- 
nocephalus porcariiis), are scattered over this bushy country 
in differeat localities, InaccessiblG bushy krantzes are their 
fayourite resort, but they may be found amongst the hills and 
koppies here and there; but when alarmed they betake them- 
selves to their rocky fastnesses. They are destructive in. 
gardens and grain lields, and become an annoyance to farm- 
era on that account. When troublesome, they are sometimes 
hunted when found single ; as attacking a whole community, 
except for their dispersion, would be dangerous. A pack 
of dogs are employed to bring the animal to bay, and the 
conflict is very similar to that with the wild pig, and is 
obliged to be terminated with the knife or the bullet. If a 
baboon takes refuge in the trees from the dogs which wait 
barking at the foot, he is brought do^vn by a shot, which pro- 
bably only wounds him, as correct aim cannot easily be taken, 
from the obstruction of the leaves. Sometimes a dog is killed 
by the wounds inflicted by the baboon's formidable tusks, 
and generally one or two are wounded before the struggle is 
over. These tusks are qnite as formidable as those of the 
wild pig, but the upper one, pointed downwards, is the longer 
and more projecting of the two, quite sharp on the hinder 
edge, BO that what is bitten is speedily torn through by the 
retraction of the head of the animal. In some old indivi- 
duals, from the absence of so perfect a grinding tooth oppo- 
site as the pig possesses, the upper tusks attain such a length 
that it becomes impossible to open the jaw wide enough, so 
as to permit the use of such an apparently foi-midahle fang, 
and consequently the boer has less fear of having his dogs 
maimed when hunting such, aa their bite is no longer to be 
dreaded. Many old baboons also are devoid of one or other 
upper tusk, which has probably been broken off in some for- 
mer struggle. When caught young, they may be trained to 
a certain extent; but they very frequently become ferocious 
from the confinement of the chain, especially males, and dan- 
gerous to theii" keepers and masters, and are obliged to be 
shot, A serious accident of this nature happened to a com- 
missariat ofBcer in Graham's Town, who was much lace- 
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rwted by ft b»booii lie was keeping, but which was aCtfiTii 
wuxla shot. ij 

The more inbabiteil ports of the Fish River country lukTij 
nearly been cltiared of the Cape Wolf {IIiffEna capeti^U), on 
spotted hyaena, but they still exist in that part about Commit- 
tee's and Trumpeter's. As tbese animals are very destnictiTe 
to flocks, instead of hunting tbem for sport, the farmers havc»_ 
got rid of tbem in a wholesale manner. Pieces of meat impi 
Dated with strychnine are deposit«d here and there over a 
tain property, and the wolf, if it partakes of any of them, ii 
generally found dead not further than lUO yards off. Thti 
poison is so strong, that the flesh of the poisoDed animal bl 
comes itself poisonous, and will act nearly as powerfully as tbsf 
original bait, whatever animal partakes of it. Thetr largei 
dog-like spoor may sometimes be seen during wet weather, 
when tbey are more daring tlian usual. They are someUmeai 
seen by travellers in the Trumpeter's Hill road, and hav^i 
proved such a source of obstruction to some people, as to) 
make them retrace their steps ; and on these occasions they 
appear in troops. They do not generally act on the offen- 
sive, but fight desperately when attacked. Their enormous 
jawa and powerful strong teeth enable them to crush a 
limb or break a very stout stick like a twig. An old boer 
farmer near Fort Brown retains to this day numerous traces 
of deep wounds inflicted on him, when, in bis younger days, 
he attacked and fought with a wolf that bad entered Mb 
sheep-kroal, and would not have escaped being worried on the 
spot, unless assistance bad arrived in time, These wolves 
are sometimes caught in large wooden crate-like traps, 10 or 
15 feet square, and formed of stout building timber. A bait 
is aJbxed at the end opposite to a sliding door, which falls 
down on the former being loosened. Almost incredible in- 
stances are told of tlieir power in crushing and breaking 
sticks, bending pokers, &c., by their jaws. They live chiefly 
in caverns and holes in the ground, such as old abandoned 
antbearmns, but their paws are powerful enough to excavate 
for dead carcases a considerable depth, and by many they 
are said to burrow their own boles. 

The Jackal, or Cape Fox (Canis mfsomelas), affords good' 
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coming in open country, and English foxhounds have been 
trained to scent and follow him. He betakes himself generally 
to holes also, made in the earth by the antbear and porcupine, 
which have been abandoned. They are rather handsome in 
appearance, with erect open ears, long flowing fur, and a fine 
bushy tail, black at the after-part. The back is marked by a 
large patch of dark gray, with long white hairs interspersed, 
extending from the neck to the rump, and ia bounded by a dif- 
ferent coloured stripe all round, the rest of the fur being of 
a tawny colour; the tip of the nose is black and sharp. They 
can be made a pet of when caught young, and be taught to 
follow and act like a dog somewhat, but are rather uncertain 
in temper. Their prepared furred skina are made into very 
handsome caroases, and are nearly equal in this respect to 
those made of wild-eat skin, that of the male being hand- 
somer than the female. Jackals are generally solitary in 
their habits in a vvild state, and are not seen in troops like 
the wild dog in this part of the country. 

The Mane Jackal (Proteles Lalandi, Is. Geof.), a kind of 
striped hyasna, shares peculiarities proper to the dog and the 
bytena. It is rarer than the common fox, moi'e shy, and less 
fleet when pursued, and lives in boles in the earth. Its food 
would appear to consist chiefly of anta, beetles, roots and bulbs, 
iSic. ; for the obtaining of mere carnivorous food, neither its 
teeth nor its strength would seem adapted. Its knees are soil- 
marked, bard, and bare of fur; and its posture at times, on feed- 
ing on certain aliments, would seem similar to the goat, which 
goes on its knees when cropping the grass. Its fur is coarse, 
ofadirtygraycolour, and marked with transverse black stripes 
on the body and limbs. A mane extends along the back from 
the head to the tail, which is erected when the animal is pur- 
sued or its passions aroused, but is not perceived when in a 
state of repose. The tail is bushy, like the jackal, black at 
the tip, and bangs down as far as the hock, about half as 
short as the jackal's. The fore feet have five toes, and the 
hind feet four toes, like the dog, in which it differs from the 
generic characters of the liyscna. The teats of the female are 
four, situated in the ventral region, and the tongue is spiny, or 
aculeated, as in the true hytena. The teetli seem peculiar to 
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it ftloiie, are weak anil 8inall, the great carnivorous tooth of 
tlie dog, hyesna, and jackal, is wanting, and the only sub-' 
"Irtnte for the molara are a few separate Bmall lancet-shaped 
tei'th, which it is stated it retains through life. These are 
seen in specimens of full growth, so that they are not milk 
t«eth- It only resemhles the dog in having incisors and ca- 
nines in the upper and lower jaw, the former of which seem 
much used, heing worn by the frequent act of cropping or bit- 
ing. Incisors ^, canines | — j-> molars ^ = 34. Its ears ar« 
long, and erect like the hyaena, and there ia a anal odori-: 
ferous gland. 

The lintel {Viverra mellivora) is a common inhabitant of 
thebush,andmay be accidentally met with, or flushed by dogs 
on its scent, which is strong. It feeds on honey nests, thoagh 
sometimes attacking the hen-roost and domestic fowls. Tbe- 
ratel follows the note and leading of the honey-bird, and an 
swersit by a low grunt; a peculiar odour it emits drives awsy 
the bees, and the ratel digs out the different pieces of comb.and 
piles them outside the cavity, on which it repasts, but leaves 
some portion for a subsequent meal, part uf which, of course, 
ia shared by the honey-bird. It is very difficult to kill by 
dogs, from the great thickness of its skin and the coarseness 
of the hair, which also afford it protection from the stings of 
the bees. Its skin is used by the boers for soles of shoes. 
A heavy blow on the nose is stated to be the most vulner- 
able wound, and this peculiar vulnerability ia shared by tlie 
porcupine. It is characterized by the large distinctly-bounded 
patch of dull ash-gray fur on its back, bounded on the sides 
by black stripes, and extending from the head to the tail. 

Two or three different kinds of Mousehinid, or weasel 
(Mustela), are commonly seen now and then running sharply 
from one bush to another, or they may be turned out by dogs. 
One variety (ZoTilla) has its fur variegated by longitudinal 
black and dirty yellowish-white stripes, extending from the 
nose to the tail, and emits a very strong odour, when attacked 
or disturbed, from its anal gland, so that many dogs refuse to 
attack it — also then erecting its tail, and nttering a peculiar 
scream- In skinning such an animal, care must be taken 
not to wound this gland, else its secretion pouring out will 
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taint the skin so mucli that the odour never leaves it. An- 
other kind is of an entirely grayish-brown sandy colour, and 
the fur is very soft ; and the furred skin is used by the natives 
for tobacco sacs, and such uses. It does not appear to be 
possessed of auch a powerful scent aa the former kind. 

The Porcupine (HystrLr) affords good sport in the moon- 
light nights, people going out with dogs, and on horseback, 
armed with spears, or instruments that will answer such a 
purpose, and heavy sticks. They come nut of their deep bur- 
rows at tliat time to feed, and root in the surface of the soil 
for bulbs, roots, &lc. The flesh of the young porcupine 
makes good kind of pork when dressed for the table. It is 
a 6etion their darting their quills; but they are eaaily de- 
tached from the skin, and their points are very sharp, and 
resemble very much the blade of an assegai; and if they 
enter a certain depth into the body of some unfortunate 
dog, readily stick there till pulled out. They are very de- 
structive amongst gardens, and burrow holes in even hard 
ground very rapidly, dividing the roots that cross by their 
strong sharp incisors. The skull of the porcupine is verv 
slight and spongy, and easily crushed when dried, which 
may explain the blow on the nose being fatal to them. 

A troop of Wild Hoga (^Lycaon picta, Brookes) are occa- 
sionally seen crossing the Bush country in the open glades, in 
the pursuit of some large buck, as a koodoo or bushbuck, and 
the destined victim seldom or ever escapes the perseverance 
and avidityofitspurauers.wbo follow it for miles on the spoor, 
which is never surrendered till it terminates at tho death. 
Fleetness and the densest thickets are of no avail against these 
unrelenting hunters ; the leading dog on the scent when tired 
sinks back into the pack, and a fi-esher huntsman takes his 
place, every one working for the common sei-vice of the sto- 
machs of the whole pack. Its appearance gives one the idea 
ofan intermediate form between the dog and the jackal, which 
it resembles in its pointed nose and long erect ears. 

There are a great variety of Dogs in use in the colony, of 
all sizes, shapes, and degrees of strength, &c., but few gifted 
with individual courage and fine diseerning scent, like Eng- 
lish blood-bred dogs, and are only useful when in numbers. 
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The progony of pure blood-dogs imported into the colony Boon> 
degenerate into the usual type witnessed here ; the bro»d, 
short, and sqware nose becoming elongated, narrow, and 
pointed ; the ears gradually acquiring more ercctness, and the 
tail becoming wiry if bushy, and cnrly and hairy if smooth 
and straight. The shaggy coat of the imported Skye terrier 
or spaniel, in tlie individual itself ere long becomes Bmool 
and shorter, and the hair straight; and the next breed 
more altered still- Nothing but fresh blood from Englan< 
or elsewhere, can keep up good breeds of any kinds of houi 
hold or hunting dogs, and they are found always mucb BU] 
rior to their progeny born in the country. "Well-bred doj 
are much thinned in numbers by the distemper, which attacks' 
them more virulently than it does more common breeds, and 
with more fatal effect. This disease bears strong characters 
of a congestive bilious fever, the liver and lungs becoms 
loaded with blood, and the white of the eyes becomes yellovrjl 
and torpidity and total loss of appetite ensue. The most cffiJ 
cacious remedies would appear to be emetics and calomel' 
purges, followed by antimony and calomel powders. I cannot 
call to mind any instance of canine madness in this country, 
or any cases of hydrophobia. Whether this exemption is 
due to the uncontrolled liberty here given to dogs, which 
are seldom or ever chained up, allowing them free ac- 
cess to water wherever it lies, or to the unrestrained compa- 
nionship of the bitch, I am unable to say. Certain it is, 
dogs are here uncommonly salacious. The observation in the 
tendency to degeneracy of well-bred dogs would argue the 
influence of the climate in reducing the varieties all down to 
the common characteristics of the native dog of the country, 
the Canis venatica. The common standard of Cape Horse 
remains the same, though good blood has been infused into 
the race from other parts ; yet the native-bom progeny some- 
times naturally decline to the lower native standard — the 
horizontal or t neck, the straight perpendicular shoulder, and 
the heavy under jaw and nan'ow cheat. The same law 
would seem to occur in the Ox and Sheex', the straight back 
and short horns soon in a generation or two lapse inio the 
hanging neck and hollow back, and long ponderous horns. 
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sometimes six or teu feet between the tips ; and the progeuy 
of the well-bred woolled sheep, if let alone, change the cvarly 
thick-set coat for one hairy and shaggy, and thin, and the 
small tail for the long pendulous and fat-laden one of 
the Cape sheep. This deposit of fat in the tail would seem 
to have some connection with the absence of the usual quan- 
tity of internal fat seen in the latter breed. Horses are af- 
fected in the lower districts with a congestive fever, implica- 
ting the lungs at particular tioiea and seasons, which proves 
fatal to great numbers, especially such as are turned out to 
graze all day, whence some attribute the cause to the grass, 
especially with the dew on. Purging and the maintenance 
of profuse perspiration are the usual methods of alleviation. 
Some are cm-ed, but the majority of cases are unsuccessful. 

The Common Hare may be found and shot about the open 
thickets on stony clayey ground in the level parts of the Bush 
country, but its flesh is far inferior to that of the English 
hare, and very dry. It has a grayish fur, and is of consider- 
able size. Associated with it, hut in more atony places, occa- 
sionally springs up and darts off very swiftly and sharply, 
the mountain hare, KUpdas, or red hare, about half of the 
size of the common species, having a general silver-gray thick 
fur, red woolly tail and red legs, and has long hairs round the 
nose and cheeks. Its skin is very difficult to take off, from its 
thinness and slightneas, and is difficult to preserve. The tieah 
is very similai' to that of the large species. 

Out feeding in the clear moonlight nights after dark, may 
often, in particular localities, be detected the pretty and sin- 
gular Spring Hare (Pedetes), in the neighbourhood of open 
aandyclaysoil interspersed with small bushes, which it browses 
on, standing on its hind legs. It has many of the peculiarities 
of the squiiTcI or sloth, in the shape of its fore paws, which 
seem manifestly constructed for grasping branches or holding 
berries or nuts. Its powerful strong sharp incisors can easily 
bite the small twigs or cut off the wild fruit. It does not 
seem adapted to climb trees, and therefore only obtains such 
food as is within reach of a standing posture on its long hind 
legs, armed with hoof-like nails on the feet. As the fore feet 
are made as prehensile organs, it would seem that it is chiefly 
enabled to progress by leaps like the kangaroo from its himl 
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feet and tail, whicb is long, tolerably thick, and plentifully su] 
plied with muscular power. When wounded it utters a pe^ 
culiai'ly nhrill, melancholy cry. It betakes itself during the 
day to holes of its own construction in the sandy ground, 
running amongst the roots of the small thickets. When in a 
sleeping posture, or reposing, the long hind legs are stretched 
out forwanis, and between them it buries its head, eut'olded, 
at the sides by its fore feet, the tail either extended or sweej 
ing round one side of the body. The tail has a knob-like 
mination covered with black hair, the remainder being of tb*l 
usual fawn colour of the body, &c. It has a similar posture 
with its limbs when reposing on its side. They are destruc- 
tive to garden vegetables, and eat of the young mealies aa 
they sprout forth. Its strong rodent incisors are very similar 
to those of the porcupine, and the fangs eslend a long way 
into each upper and lower maxillary bone. The fur is bright 
and fulvous, and the hairy tail tinged black at its extremity. 
There is no external appearance of the testes, a peculiarity 
shared in by the elephant, seal, and cetacea, according to 
Professor Jones, who, however, does not allude to the spring 
hare in the paragraph in his Comparative Anatomy. These 
organs are both included in the abdominal cavity, but into the 
inguinal canal may be observed inserted the detractor liga- 
ment, the agent of the descent of the testes in the young of 
other animals. Each organ is suspended by its free ex- 
tremity against, but free of, the anterior walls of the abdi 
men. The vasa deferentia pass from each testis to the 
responding side of the base of the bladder, and the Tesicalib 
seminales exist as entirely separate glands, whose ducts 
enter ilie vasa deferentia. 

Basking themselves on the sunny side of the krantzes 
the evenings and mornings, may generally be seen several 
the Klipdas, Cony, Eoah liahbii, or Cape Hyrax {H. capen^. 
Bis), sitting together on the stones, and when alarmed by the 
approach of a stranger, rapidly to dive like lizards into the; 
cavities out of sight. They are of various sizes, from that oi 
a rat up to a full-grown rabbit ; their fur is very fine, and thi 
skin soft. 

They are classed as pachydermata, hut are plantigrade,,'' 
and the feet are formed similar to those of a monkey, having 
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a cusbiony leathery sole all over, extending along tlie lower 
surfaces of tlie fingers and toes, which are provided with little 
nails, evidently adiipting them for their stony peregrina- 
tions. They may be Been ascending up almost perpendicular 
faces of rock, and they can as rapidly descend without hav- 
ing recourse to a fall to hasten their descent. The distribution 
of the teeth ai'e as follows: Incisors 4t canines y — p mo- 
lars ^ = 30, The lower incisors are small, chisel- shaped, set 
together, and their edges indented like a saw transversely. 
The two upper incisors are longer, curved, triangular, point- 
ed and set apart, and look like canines in every respect as to 
appearance, and no doubt as to use ; for they cannot cut, and 
are only serviceable to tear, and in i'uct are suitable tusks. 
The mola>rs are all tuberculated. No tjiil. 

The Aardvark [Orycteropus capeneia) is an inhabitant of 
the Fish Kiver country, but a description of this animal, and 
its anatomy, have already been given.* 



On the discovery of some Fossil Reptilian Reinaim and 
a La-nd-Shell in the interior of an erect Foeeil-Tree in tke 
Coat Measures of Nova Scotia ; with remarks on tke origin 
of Coal'/ elds, and the time required for ikeir formation. 
By Sir C, Lyell, F.R.8. 

The entire thickness of the carboniferous strata exhibited 
in one uninterrupted section on the shores of the Bay of 
Fundy, in Nova Scotia, at a place called the South Joggina 
and its neighbourhood, was ascertained by Mr Logan to be 
14,570 feet. The middle part of this vast series of strata 
having a thickness of 1400 feet, abounds in fossil forests of 
erect trees, together with root-beds and thin seams of coal. 
These coal-bearing strata were examined in detail by Mr J. 
W. Dawson of Pictou, and Sir C. Lyell in September last 
(ISM), and among other results of their investigations they 
obtained satisfactory proof that several Sigillariie standing 
in an upright position, or at right angles to the planes of 
stratification, were provided with. Stigtnariffi as roots. Such 
a relation between Sigillaria and Stigmaria bad, it is true, 
been already established by Mr Binney of Manchester, and 

• ndf Bdin. New PliLl. Juurnil, vol. Ht,, No. 107, p, IB8. 
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baA been suspected some years befoi-e on botanical groondB h 
M. Adolphe Brongniftrt ; but aa the feet was still doabted h 
some geologists both in Europo and America, it was thoa^t 
desirable to dig ont of the cliffs, and expose to view, seTeral 
large trunks with their roots attached. These were eb- 
served to bifurcate several times, and to send out rootlets in 
all directions into the clays of ancient soils in which thej had 
grown. Such soils or nndcrclays with Stigmaria afford more 
conclusive evidence of ancient terrestrial surfaces than even 
erect trees, as the latter might be conceived to have been 
drifted and fixed like snags in a river's bed. In the strata J 
1400 feet thick above mentioned, root-bearing soils were ob^ 
served at sixty-eight different levels ; and, like the seama d 
coal which usually cover them, they are at present the most 
destructible masses in the whole cliff, the sandstones and la- 
minated shales being harder, and more capable of resisting the 
action of the waves and the weather. Originally the reveraaj 
was iloubllesstrue, for in the existing delta of the Missisaippifl 
the clays, in which innumerable roots of swamp trees, such aJS^ 
the deciduous cypress, ramify in all directions, are seen to with- 
stand far more effectually tlie excavating power of the riyer 
or of the sea at the base of the delta, than do Beds of loose ^ 
sand or layers of mud not supporting trees. 

This fact may explain why seams of coal have so oftes 
escaped denudation, and have remained continuous over wid 
areas, since the roots, now tiirned to coal, which once t 
versed them, would enable them to i-e.'^ist a current of wate^ 
whilst other members of the coal formation, when in t 
original and unconsolidated state, consisting of sand and vavi 
would be readily removed. 

The upright trees usually inclose in their interior pillar^ 
of sandstone or shale, or both these substances alternating 
and these do not correspond in the thickness of their layers 
or in tbeir organic remains, with the external strata, or 
those enveloping the trunks. It is cleai", therefore, that the 
trees were reduced while yet standing to hollow cylinders of 
mere bark (now changed into coal), in which the leaves of 
ferns and other plants, with fragments of stems and roots, 
were drifted together with mud and sand during river inun- 
dations. The stony pontents of one of these trees, nine feetj 
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high and twenty-two inches in diameter, on being examined 
by Messrs Dawson and Lyell, yielded, besides nunieroUs 
foB^I plants, some bones and teeth which they believed were 
referable to a reptile ; but not being competent to decide that 
oBteological question, they submitted the specimens to I>r 
Jeffries Wyman of Harvard University in the United States, 
That eminent anatomist declared them to be allied in struc- 
ture to certain perennibranehiate batraehians of the genera 
Menobranchns and Menopoma, species of which now inhabit 
the lakes and rivers of North America. This determination 
was soon afterwards conlimied by Professor Owen of London, 
who pointed out the resemblance of some of the associated 
iiat and sculptured boues, with the cranial plates, seen in the 
skull of the ArchegosauruB and Labyrinth odon,* In the same 
dark -coloured rock, Dr Wyman detected a series of nine ver- 
tehne, which from their form and transverse processes he re- 
gards as dorsal, and believes them to have belonged to an 
adult individual of a much smaller species, about six inches 
long, whereas the jaws and bones before mentioned are those 
of a creature probably two-and-a-half feet in length. The 
microscopic structure of these small vertebne was found by 
Professor Quekett to exhibit the same marked reptilian cha- 
racters as that of the larger bones. 

The fossil remains in question were scattered about the in- 
terior of the trunk, near its base, among fi-agments of wood 
now converted into charcoal, which may have fallen in while 
the tree was rotting away, having been afterwards cemented to- 
gether by mud and sand stained black by carbonaceous matter. 
Whether the reptile crept into the hollow tree while its top 
was atill open to the air, or whether it was washed in with mud 
during a flood, or in whatever other manner it entered, must be 
matter of conjecture. Footprints of two reptiles of different 
sizes have been observed Dr Harding and Dr Gesner on rip- 
ple-marked flags of the lower coal measures in Nova Scotia, 
evidently made by quadrupeds walking on the beach, or out 
of the water, just as the recent Menopoma is sometimes ob- 
served to do. Other reptilian footprints of much larger size 
had been previously noticed (as early as 1844) in the coal of 

* ProfeaaoPS Wjman aiid Owen have named the reptile Dendrcrpeton Ac»- 
dlanum, Acadia hsing the ancient Indian name for Nova Scotia 
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Pennsylvania by Dr King; and in Europe tbree or four 
stances of skeletons of the same class of animals have bet 
obtained, but the present is the first example of any of their 
bones having been met vrith id America, in rocks of higher 
antiquity than the trias. It is hoped, however, that other 
instances will soon come to light, when the contents of up- 
right trees, so abundant in Nova Scotia, have been syste- 
raatically explored; for in such situations tlie probability of 
discovering ancient air-breathing creatures seems greater 
than in ordinary subaqueous deposits. Nevertheless we must 
not indulge too sanguine expectations on this head, when we 
recollect that no fossil vertetrata of a higher gi-ade than 
__fi8hes, nor any land-shells, have as yet been met with in the 
ooiittiiaaal-field of the James River, near Richmond, Vir- 
ginia, a codrf^^-jield which has been worked extensively for 
three-quarters of a centijl'jT — ffiije coal alluded to is bitumi- 
nous, and as a fuel resembles the BH»<_of the ancient coal of 
Nova Scotia and Great Britain. The a,^aociated strata of 
sandstone and shale contain prostrate zamite i, and ferns, and 
erect calaraites and equiseta, which last evidentr_yrejj,ain in the 
position where they grew in mud and sand. >Vhether the 
age of these beds be oolitic, as Messrs W. B. ^ogers and 
Lyell have concluded, or upper triassic, as some *.-,tiier g^^- 
logists suspect, tbey still belong clearly to an epi>ch when 
saurians and other reptiles flourisbed abundantly inLjuj-opg. 
and they therefore prove that the preservation of anciei.t, ter- 
restrial surfaces even in secondary rocks does not impl^^,^ g^ 
we might have anticipated, conditions the most favourai.i, 
to our finding therein creatures of a higher organizatior 
than fishes. 

In breaking up the rock in which the reptilian bones 
entombed, a small fossil body resembling a land-shell of the 
genus Pupa, was detected. As such it was recognized by 
Dr Gould of Boston, and afterwards by M. Desbayes of Paris, 
both of whom carefully examined its form and striation. 
When parts of the surface were subsequently magnified 250 
diameters, by Professor Quekett of the College of Surgeons, 
they were seen to exhibit i-idges and grooves undistinguish- 
able from those belonging to the striation of living species 
of land-shells. The internal tissue also of the shell displayed^. 
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under tlie niici-oscope, the same prismatic and tubular ar- 
raDgements which characterize the sheila of liviug mollusea. 
SectioDB also of the same ahewed what may be part of the 
columella and spiral whorls, somewhat broken and distorted 
by pressure and crystallized. The genus cannot be made 
out, as the mouth is wanting. If referable to a Pupa or any 
allied genus, it is the first example of a pulmoniferous mol- 
lusk hitherto detected in a primary or palsozoic rock. 

Sir Charles next proceeded to explain his views as to the 
origin of coal-fields in general, observing that the force of 
the evidence in favour of their identity in character with the 
deposits of modem deltas has increased in proportion as they 
have been more closely studied. They usually display a vast 
tliickiiess of stratified mud and fine sand without pebbles, 
and in them are seen countless stems, leaves, and roots of 
terrestrial plants, free for the most part, from all intermix- 
ture of marine remains, circumstances which imply the per- 
sistency in the same region of a vast body of fresh water. 
This water was also charged like that of a great river with 
an inexhaustible supply of sediment, which had usually been 
transported over alluvial plains to a considerable distance 
ft-om the higher grounds, so that all coarser particles and 
gravel were left behind. On the whole, the phenomena imply 
the drainage and denudation of a continent or large island, 
having within It one or more ranges of mountains. The 
partial intercalation of brackish water beds at certain points 
U equally consistent with the theory of a delta, the lower 
parts of which are always exposed to be overflowed by the 
sea even where no oscillations of level are experienced. 

The purity of the coal Itself, or the absence in it of earthy 
particles and sand throughout areas of very great extent, is 
a fact which has naturally appeared vei-y difficult to explain, 
if we attribute each coal-seam to a vegetation groiviiig in 
swamps, and not to the drifting of plants. It may be asked 
bow, during river inundations capable of sweeping away the 
leaves of ferns, and the stems and roots of Sigillariie and 
other trees, could the waters fail to transport some fine mud 
into the swamps ^ One generation after another of tall trees 
grew with their roots in mud, and after they had fallen pros- 



220 



Sip C. Lyell on FossU Hept'dian RettiatM 



trate anil had bcun turned into coal, were covered with lay«ra 
of imi<I (now turned to shale), and yet the coal itself has re- 
mained unsoiled throughout these various changes. The 
lecturer thinks this enigma may be solved, by attending to 
what is now taking [ilace in deltas. The dense growth of 
n^eds and herbage whicli encompasses the margins of forest- 
eovercd swamps in the valley and delta of the Sdisaissippi, is 
Huch that the fiuviatile waters in passing through them are^ 
filtered and made to clear themselves entirely before ihej^i 
reach the areas in which vegetable matter may accumulaie 
for centuries, forming coal if the climate be favourable. 
There isnopoBsibility of the least intermixture of earthy mat- 
ter in such cases. Thus in the large submerged tract called 
the " Sunk Country,'' near New Madrid, foi-ming part of the 
western side of the valley of the Mississippi, erect ti-ees have 
been standing ever since the year 1811-12, killed by the great 
earthfiuake of that date ; lacustrine and swamp plants have 
been gruwiug there in the shallows, and several rivers have 
annually inundated the whole space, and yet have been urif 
able to caiTy in any sediment within the outer bouadaries oij 
tho morass. . 

In the ancient coal of the South Joggins in Nova Scoiuk J 
many of tlio underclays shew a network of Stigmaria root^ 
of which some penetrate into or quite through older roots 
whieh belonged to the trees of a preceding generation. 
Where trunks are seen in an erect position buried in Baad- 
etone and shale, rooted Sigillariie or Catamites are often 
observed at different heights in the enveloping strata, attest- 
ing the growth of plants at several successive levels, while 
the process of envelopment was going on. In other cases 
there are proofs of the submergence of a forest under marine 
or brackish water, the base of the trunks of the submerge^ 
trees being covered with serpulse or a species of spirorbis. 
Not unfrequently seams of coal are succeeded by beds of im- 
pure bituminous limestone, composed chiefly of compressed 
modioliB with scales and teeth of fish, these being evideatlj 
deposits of brackish or salt water origin. 

The lecturer exhibited a joint of the stem of a fresh-watep 
reed {AiitmUitarla macrospermo) covered with bamaclei 
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wliicli he gathered at the extremity of the delta of the Mis- 
sissippi or the Balize. He saw a cane-brake (as it is called 
in the country) of these tall reeds killed by salt water, and 
extending over several acres, the sea having advanced over 
a space where the discharge of fresh water had slackened for 
a season in one of the river's mouths, Tf such reeds when 
dead could still remain standing in the mud with barnacles 
attached to them (these Crustacea having been in their turn 
destroyed hy a return of the river to the same spot), still 
more easily may we conceive largo and firmly-rooted Sigil- 
larite to have continued erect for many years in the cai'honj- 
feroas period, when the sea happened to gain on any tract of 
submerged land. 

Submergence under salt water may have been caused either 
by a local diminution in the discharge of a river in one of its 
many mouths, or more probably by subsidence, as in the case 
of the erect columns of the Temple of Serapis, near Naples, 
to which serpulffi and other marine bodies are still found ad- 
hering. 

Sir Charles next entered Into some speculations respecting 
the probable volume of solid matter contained in the car- 
boniferous formation of Nova Scotia. The data he said for 
such an estimate are as yet imperfect, hut some advantage 
would be gained could we but make some slight approxima- 
tion to the truth. The strata at the South Joggtna are 
nearly three miles thick, and they are known to be also of 
enormous thickness in the district of the Albion Mines near 
Pictou, more than one hundred miles to the eastward. There 
appears therefore little danger of erring on the side of es- 
cess, if we take half that amount or 7500 feet as the average 
thickness of the whole of the coal measures. The area of 
the coal-field, including part of New Brunswick to the west, 
and Prince Edward's Island and the Magdalen Isles to the 
north, as well as the Cape Breton beds, together with the 
connecting strata which must have been denuded, or must 
still be concealed beneath the waters of the Gulf of St 
Lawrence, may comprise about 36,000 square miles, which, 
with the thickness of 7500 feet before assumed, will give 
7,527,108,000,000,000 cubic feet (or 51,136-4 cubic miles) of 
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solid matter as tLe Tolame of the rodis. Saeli an array t^ 
&gures coQr«Ts no distiact idea to the mind ; but is interest- 
ing when we reBect that the Mississippi wonld take more 
than two millions of years (2.033,000 years} to convey to the 
Gntf of Mexico, an equal qnantity of solid matter in the slii^ 
of sediment, assaming the arerage discharge of water in ibe 
great river, to be, ae calcolatcd by Mr Forsbay, 4oO,000 cabic 
feet per second, thronghout the year, and the total qoantity 
of mud to be, as estimated by Sir Riddell, 3, 7 02,758,400 caHc 
feet in the year.' 

We may, however, if we desire to redace to a minimom 
tJie possible time required for such an operation (assoming 
it be one of ftuviatile denudation and deposition), select as 
our agent a river flowing from a tropical country, sach as 
the Ganges, in the basin of which the &11 of rain is much 
heavier, and where nearly all comes down in a third part of 
the year, so that the river is more turbid than if it flowed in 
temperate latitudes. In reference to the Ganges, also, it 
may be well to mention, that its delta presents in one re- 
Rpect a striking parallel to the Xova Scotia coal-Geld, since 
at Calcutta, at the depth of eight or ten feet Irom the Borface, 
boned trees and roots have been found in digging tanks, in- 
dicating an ancient soil now underground ; and in boring on 
the same aite for an artesian well to the depth of 481 feet* 
otlier signs of ancient forest- covered lands and peaty soila 
have been observed at several depths, even as far down as 
300 feet and upwards below the level of the sea. As the 
strata pierced through contained freshwater remains of re- 
cent species of plants and animals, they imply a subsidence 
which has been going on contemporaneously with the accu- 
mulation of fluviatile mud. 

Captain Stracbey of the Bengal Engineers has estimated 
that the Ganges must discbarge 4 J times as much water into 
the Bay of Bengal, as the same river carries past Gliazipore, 
a place 500 miles above its mouth, where experiments were 
made on the volume of water and proportion of mud by the 
Rev. Mr Everest. It is not till after it has passed Ghaziporej 
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* See PrincipIeE of Geology, 8th Kd., p. 210. 
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that the great river is joined by most of its larger tributaries. 
Takiug the quantity of aediment at one-tbird less than that 
assigned by Mr Everest for the Ghazipore average, the 
volume of solid matter conveyed to the Bay of Bengal would 
Btill amount to 20,000 millions of cubic feet annually. The 
Ganges, therefore, might accomplish in 375,000 years the 
task which it would take the Mississippi, according t« the 
data before laid down, upwards of two million years to 
achieve, 

One inducement to call attention to Buch calculations is the 
hope of interesting engineers in making accurate measurement 
of the quantity of water and mud discharged by such rivers as 
the Ganges, Brahmapootra, Indus, aud Mississippi, and to lead 
geologists to ascertain the number of cubic feet of solid mat- 
ter which ancient tluviatile formations, such as the coal-mea- 
sures, with their associated marine strata, may contain. Sir 
Charles anticipates that the chronological results derived from 
such sources will be in harmony with the conclusions to which 
botanical and zoological considerations alone might lead us, 
and that the lapse of years will be found to be so vast as to 
have an important bearing on our reasonings in every depart- 
ment of geological science. 

A question may be raised, how far the co-operation of the 
sea in the deposition of the carboniferous series might a^!- 
celerate the process above considered. The lecturer con- 
ceives that the intervention of the sea would not affoi-d such 
favourable conditions for the speedy accumulation of a large 
body of sediment within a limited area, as would be obtained 
by the hypothesis before stated, namely, that of a great river 
entering a bay in which the waves, currents, and tides of the 
ocean should exert only a moderate degree of denuding and 
dispersing power. 

An eminent writer, when criticising, in 1830, Sir Charles 
Lyell's work on the adequacy of existing causes, was at pains 
to assure his readers, that while he questioned the soundness 
of the doctrine, he by no means grudged any one the appro- 
priation of as much as he pleased of that " least valuable of 
all things, past time." But Sir Charles believes, notwith- 
standing the admission so often made in the abstract of the 
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indefiDibe extent of past Ume, tltat th«re is, practicsJIy spealcr J 
ing, a rooted and perhaps nnconscioiui reluctance ou the pwt I 
of raost geologists to follow out to their legitimate CODBB- I 
quences the proofs, daily increasing in number, of this iior- 
mensity of time. It would tlterefore be of no small moment 
could we obtain even an approach to some positive measure of 
the number of centuries which any great operation of nature, 
such as the accumulation of a delta or fluviatile deposit of great 
magnitude may require. Inasmuch as our conceptions of the 
energy of aqueous or igneous causes, or of the powers of vita- 
lity in any given geological period, must depend on the qoan- J 
tity of time assigned for their development, ■ 

Thus, for example, geologists will not deny that a vertical 1 
subsidence of three miles took place gradually at the South 
Joggins during the carboniferous epoch, the lowest beds of 
the coal of Nova Scotia, like tlie middle and uppeiinost, con- . 
sisting of shallow-water beds. If, then, this depression waa | 
brought about iu the course of 375,000 years, it did not exceed I 
the rate of four feet in a century, resembling that now ex- 
perienced in certain countries where, whether the movement | 
be upward or downward, it is quite insensible to the inhabi- 
tant'!, and only known hy scientific inquiry. If, on the other 1 
hand, it was brought about in two millions of years according I 
to the other standard before alluded to, the rate would be only I 
six inches in a century. But the same movement taking place I 
in an upward direction would be sufficient to uplift a portion I 
of the earth's crust to the height of Mont Blanc, or to a vep- I 
tical elevation of three miles above the level of the sea 
like manner, if a large shoal be rising, or attempting to rise, in I 
mid-ocean at the rate of six inches or even four feet in aliun- 
dred years, the waves may grind down to mud and aand and I 
readily sweep away the rocks so upraised as fast as they come I 
within the denuding action of the waves. A mass having a I 
vertical thickness of three miles might thus be stripped off in | 
the course of ages, and inferior rocks laid bare. So in regard 1 
to volcanic agency a certain quantity of lava is poured out I 
annun'l" upon the surface, or is injected into the earth's cruat I 
be rfaoe, and great metamorphic changes resulting J 
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from subterranean heat accompany the injection. Whether 
each of theae effects be multiplied by 50,000, or by balf a 
million or by two millions of years, may entirely decide the 
question whether we shall or shall not be compelled to aban- 
don the doctrine of paroxysmal violence in ancient as con- 
trasted with modern times. Were we hastily to take for granted 
the parossymal intensity of the forces above alluded to, or- 
ganic and inorganic, while the ordinary course of nature mayof 
itself afford the requisite amount of aqueous, igneous, and 
vital force (if multiplied by a sufficient number of centuries), 
we might find ourselves embarrassed by the possession of 
twice as much mechanical force and vital energy as we require 
for the purposes of geological interpretation. 



Some Ohservations on Fiah, in relation to Diet. By JOHN 
Davy, M.D., F.R.S. Lond. &Edin., Inspector-General of 
Army Hospitals, &c.* Communicated by the Author. 

What are the nutritive qualities of fiah, compared with 
other kinds of animal food? Do different species of fish 
differ materially in degree in nutritive power ? Have fiah, 
as food, any peculiar or special properties? The.se are 
questions, amongst many others, which may be asked, but 
which, in the present state of our knowledge, I apprehend 
it would be difiicuH to answer in a manner at all satisfac- 
tory. 

On the present occasion, I shall attempt little more than 
an opening of the inquiry, and that directed to a few points, 
chiefly those alluded to in the foregoing queries. 

1. 0/ the Nutritive Power of Fish. 
The proposition probably will be admitted,' that the nutri- 
tive power of alt the ordinary articles of animal food, at 
least of those composed principally of muscular fibre, or of 
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mnticle and fat, to wliatever class belonging, is appi'c 
denoted by their several specific gravities, and by the amount 
nf solid matter which each contains, aa determined by tho- 
rough drying, or the expulsion of the aqueona part at a tem- 
perature such as that of boiling wat«r, not sufficiently h 
to effect any well-marked chemical change. 

In the trials I have made, founded on this proposition, 1 
specific gravity has been ascertained in the ordinary hydro- 
statical way ; — the portions subjected to trial, in the instance 
of fish, have been taken from the thicker part of the back,, 
freed from skin and bone, composed cliiefly of maacle. Aiid|| 
the same or similar portions have been used for the purposi 
of determining their solid contents, dried in platina or gla 
capsules of known weight, and exposed to the process of d 
ing till they ceased to diminish in weight. 

The trials on the other artii;les of diet, made for the s 
of coinpai-ison, both aa regards specific gravity (esceptin 
the liquids), and tiie abstraction of the hygroscopic water, o^ 
water capable of being dissipated by the degree of tempera- 
ture mentioned, have been conducted in a similar manner. 

The balance used was one of great delicacy, at home, or a 
small portable one, when from home, of less delicacy, yet J 
turning readily with one-tenth of & grain. 

The results obtained are given in the following tables. Ii^ 
the first, on some different species of fish ; in the Becondi d 
some other articles of animal food. 

I have thought it right, whenever it was in my power, 1 
notice not only the time when the fish were taken, but alw 
the place where they were procured,^ — -not always so precisrl 
as I could wish, — as both season and locality may have i 
influence on their quality individually. When the place meib 
tioned is inland, it must be understood that, in the iiiBtane^!|l 
of sea-fish, they were from the nearest sea-port. 
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Table I. 




Species of Pish. 


Specific 
Gravity. 


Solid 
Matter 


Place where got. QOd'I'im"- 




per cent. 




Turbot, nhomlmi \ 
maxima^, f 
Brill, M. vvlgwiB, 


1063 


20-3 


March. Liverpool. 


1061 


20-2 


October, Penzance. 


Haddoci,Gnd«g(eff/«.l 
Im"! G. merluH,',!,, 


10.06 


20-2 


August. Ambleside. 


1054 


174 


October, Penzance. 


Pollflcli, O. pollachim. 


1060 


19-3 


October. Penzance. 


Whiting, Mei-lungm 

Common Cod, Mm-- 
rfvtta vnlgarii, , 


1062 


21 '5 


March. Chester. 


1059 


19-2 


April. AmbleBide. 


Red Gurnard, Trigla 


1089 


23'6 


October. Penzance. 


Doty, Zat'tfaber, \ 

Mackerel, Scombei-- 1 

icombms, . . f 

Sole, SoUa vnlgaris. 


1070 


23-9 


October. PeuKance. 


1043 


37-9 


Octoher. Penzance. 


1065 


33'0 




Do. do., . . 


1064 


21 '1 






1061 


22-2 


October. Penzance, 
r- March, River Bojne, 


Solmoii, SalTno lalar. 


1071 


294 


{ Ireland. Fresh run 
I from the sea. 


Sea-Trout, S. mo^, . 
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Char, S. umtia, . 


1056 


222 


f November. Winder- 

\ mere. 

r March, Lough Corrib, 


Trout, S, /(trio. 


1053 


22-5 


Ireland. Weightabout 
I ^Ib., in good condition. 


Do. do., . 


1050 


18-7 


fOet. Kiver Brathoy. A 
1 amallfiahofaboatSoz. 


Smelt, S. «5>er/«n,i«, . 


1060 


19-3 


March. Liverpool. 


Eel, Anguilla lati- 1 
roxtrii, j 


1034 


336 


June. Ambleside. 


Table II. 


Kinds of Food. 


Specific 
Gravity. 


Solid 
MttMer, 
percent. 


Plice and Time. 


Beef, sirloin, . 


107S 


26-9 


Mairh. Ambleside. 


Veal, loin, 


1076 


27'2 


November. Ambleside. 


Mutton, leg, . 


1069 


26-5 


November. Ambleside. 


Pork, loin. 


1080 


30'5 








86'25 


fVictuaUing-j-ard, Ports- 
t mouth. 


iKefandsuet, J 




Common fowl, breimt. 


1076 


27-2 


November. Ambleside. 


Qtej PloTer, breast, , 


lora 


301 


November. Ambleside. 


Cow's milk, new, be- i 








fore the cream had } 


1031 


11-2 


November. 


Whfte of hen's egg, . 


1044 


139 




YoUcofthesame, 


1032 


45-1 




p2 



228 Dr Davy'a Obsen^ations on Fish, 

These results I would wish to have considered merely oa 
I have proposed in introducing them, viz., as approximate 
ones. Some of them may not be perfectly correct, owing to 
circumstances of a vitiating kind, especially the time of keep- 
ing. Thus, in the case of the whiting, which was brought 
from CheBter, its specific gravity, and its proportion of solid 
matter may be given a little too high, owing to some loss of 
moisture before the trials on it were made. Casting the eye 
over the fii-st table, it will be seen that the range of nutri- 
tive power, as denoted by the specific gravity, and the pro- 
portion of solid mutter, is pretty equable, except in a very fewr 
instances, and chiefly those of the salmon and mackerel ; thei 
one exhibiting a high specific gravity, with a large proportion,, 
of solid matter; the other a low specific gravity, with a still 
larger proportion of matter, viz., muscle and oil, and, in con- 
sequence of the latter, the inferior specific gravity. A por- 
tion of the mackerel, I may remark, merely by drying and 
pressure between folds of blotting paper, lost 15'52 percent, 
of oil. Oil also abounded in the sea-trout and eel, and hence 
the large amount of residue they afforded. 

Comparing geHatlm the first table with the second, the 
degree of difiference of nutritive power of those articles stand- 
ing highest in each, appears to be inconsiderable, and not 
great in the majority of the others, exclusive of the liquids, — 
hardly in accordance with popular and long-received notions. 

2. Of the Peealiar Qualities iif Fish, as Artidea of Diet. 

I am not prepared to enter into any minute detail on this I 
important subject, from want of sufficient data. 

That fish generally are easy of digestion, excepting anch 1 
as have oil interfused in their muscular tissue, appears to be f 
commonly admitted, as the result of experience, — a result-] 
that agrees well with the greater degree of softness of their I 
nmseular fibre, comparing it with that either of birds or ofl 
the mammalia, such as are used for food. 

A more interesting consideration is, whether fish, as a 1 
diet, is more conducive to health than the flesh of the ani- 
mato jus t mentioned, and especially to the prevention of I 
^^^HJHLand tubercular disease. 
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From Buuli infui-mation as I have been able to collect, I am 
disposed to think that thej' are. It is well known that fish- 
ermen and their families, living principally on fish, are com- 
monly healthy, and may I not say above the average ; and I 
think it is pretty certain, that they are less subject to the 
diseases referred to than any other class, without exception. 
At Plymouth, at the public dispensary, a good opportunity 
is afforded of arriving at some positive conclusion, — some 
exact knowledge of the comparative prevalency of these dis- 
eases in the several classes of the community. The able 
physician of that institution, my friend Dr Cookworthy, at 
my rerjuest, has bad the goodness to consult its records, and 
from a communication with which he has favoured me, it ap- 
pears that of 654 cases of " confiirmed phthisis and of hfB- 
moptysis, the probable result of tuberculosis," entered in the 
register of the dispensary, 234 males, 376 females, whose 
ages and occupations are given individually, the small num- 
ber of four only were of fishermen's families, — -one male and 
three females, — which is in the ratio of one to 163'2 ; and of 
watermen " who fish with hook and line, when other work is 
scarce, generally very poor, and of habits generally by no 
means temperate or regular," the number, including their 
families, did not exceed eleven, of whom ten were males, one 
a female, which is in the ratio of one to 58-8. The entries 
from which the 65i cases are extracted, Dr Cookworthy 
states, exceed 20,000. He assures me, tliat had he taken 
scrofula in all its forms, the result would, he believes, have 
been more conclusive. 

Such a degree of exemption as this return indicates in the 
instances of fishermen and boatmen, is certainly very re- 
markable, and deserving of attention, especially considering 
the prevalency of tubercular consumption, not only In the 
working classes generally throughout the United Kingdom, 
but also amongst the regular troops, whether serving at 
home or abroad, and having an allowance of meat daily, but 
rarely tasting fish.* 

* In 120S fatal caeea, not selected, ia which the lungs were eiamiaed at the 
General Hospital, Fort Pitt, Chatham, tubcrcUa were found to etlat in T34 
(Gl'T per cent.) See the author's " Notes on the Ionian IsUiids uod Malw," 
vol, ii., p. 312, for details. 
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If Hi© exemption be mainly owing to diet> and that a Gsh 
diet, it may be presnmed that there enters into the composi- 
tion of fish, some element not common to other kinds of food, 
whether animal or vegetable. Tliis I believe is the case, 
and that the peculiar element is iodine. 

I may briefly mention, that in every instance in vrhicli 
have sought for this substance in sea-fish, I have found diai- 
tinct traces of it, and also, though not so strongly marked, 
in the migratory fish, but not in fresh-water fish. The trials 
I have hitherto made have been limited to the following, via., 
the Bed Gurnet, Mackerel, Haddock, Common Cod, Whit- 
ing, Sole, Ling, Herring, Pilchard, Salmon, Sea-Trout, Smelt, 
and Trout. In each instance, from about a quarter-a-pound 
to a pound of fish was dried and charred, lixiviated, and re*! 
dueed to ashes, which were again washed. From the sear/, 
fish, the washings of the charcoal afforded a good deal of 
saline matter on evaporation ; the washings of the ash lees. 
The saline matter from both consisted principally of common 
salt, had a pretty strong alkaline reaction, and with starch 
and aqua regia afforded, by the blue Jiue produced, clear 
proof of the presence of iodine. In the instance of the fresh- 
nm Salmon, Sea- Trout, and Smelt, a slight trace of iodine 
was thus detected ; in the spent Salmon descending to the' 
sea, only a just perceptible trace of it was observable, and 
not a trace of it either in the Parr or in the Trout. 

That iodine should enter into the composition of sea-fish, 
is no more perhaps than might be expected, considering 
that it foi'ms a part of so many of tiie inhabitants of the sea 
on which fish feed ; — to mention only what I have ascer- 
tained myself, — in the common Shrimp I have detected it in 
an unmiatakeable manner, and also in the Lobster and 
Crab, and likewise in the common Cockle, Mussel, and Oyster. 

The medicinal effects of cod-liver oil, in mitigating if not 
in curing pulmonary consumption, appear to be well estai-. 
blished. And as this oil contains iodine, the analogy seemtfi 
tt> sti-engthen the inference that sea-fish generally may be 
alike beneficial. 

Should further inquiry confirm this conclusion, the prao- 
ilication uf it is obvious ; and fortunately, shoul^ij 
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fish ever come into greater request as articles of food, the 
facility with which they may be preserved, even without salt, 
by thorough drying, would be much in favour of their use, 
I lay stress on thorough drying, aa that seems essential, — 
for preservation, I believe even hygroscopic water should be 
excluded. Even in the instance of those articles of food 
which can be preserved in their ordinary dry state, the ex- 
pulsion of this water would be advantageous under certain 
circumstances, were it merely on account of diminution of 
iveight. Thus, referring to the second table, it will be seen 
that the Pemicau, carefully prepared in the Portsmouth 
Victualling- Office, lost by thorough drying 13'7.5 per cent., so 
much being the water it contained in a hygroscopic state, — 
a lightening of weight that, to the Arctic land explorer, could 
not fail to be welcome and useful. 

The inference regarding the salutary effects of fish de- 
pending on the presence of iodine, in the prevention of tuber- 
cular disease, might be extended to some other diseases, espe- 
cially to that formidable malady goitre, the mitigation or 
cure of which has, in so many instances, been effected by 
iodine ; and which, so far as I am aware, is entirely unknown 
amongst the inhabitants of sea-porta and sea-coasts, who, 
from their situation, cannot fail to make more or less use of 
tish. 

Amongst the many questions that may be asked in addi- 
tion to those I have proposed, I shall notice one more only, 
and that in conclusion. It is, whether the different parts of 
the same fish are likely to be equally beneficial in the man- 
uer inferred, — the beneficial effect, it is presumed, depending 
on the presence of iodine. From the few experiments I have 
yet made, I am led to infer, reasoning as before, that the 
effects of different parts will not be the same, inasmuch as 
tlieir inorganic elements are not the same. I may instance 
liver, muscle, and roe or milt. In the ash of the liver and 
muscle of sea-fish, I have always found a large proportion 
of saline matter, common salt abounding, with a minute por- 
tion of iodine, — rather more in the liver than in the muscle, 
— and free alkali, or alkali in a state to occasion an alkaline 
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I'eaL-tion, as denoted by test paper; whUst In their roe anA ■ 
iDtlt 1 have detected very little saline matter, no trace of^ 
iodine, or of free alkali; on the contrary, a free acid, the 
phoBphoric, analogous to what occurs in the ash i>f the yolk 
of the domestic fowl, — and in consequence of which, the 
complete incineration of the roe of the fish and its miltt like 
that of the yolk of the egg, is very difficult. 

The same conclusion, on the same ground, vis., the ab- *'J 
Rencc of iodine, ia applicable to fresh-water fish, — a conclti: 
slun that can hardly be tested by experience, nor is it a 
practical importance, since fish of this kind enters so spAtB 
ringly into the oi-dinary diet of the people. 

liEaRBTH How, AMBLBSint, 
A]tII 14, 1853. 



P.N. — I have mentioned briefly the test employed to deled 
iodine. To prevent obscurity, may I be permitted to add H 
few particulars relative to the mode of proceeding ] On »^ 
portion of starch in fine powder, that is, in its granular state, 
aqua regis is pooTed, or about equal parts of nitric and mu- 
riatic acid, in a platina capsule, and then well mixed, usin^ 
a glass rod. The salt to he tested, either in solution or solid, 
is then added. The blue tint due to the presence of iodine 
is immediately produced, if .iny of this substance, or a sutfi-^ , 
eiency of it to take effect, be present. The delicacy of this J 
test is, I believe, well known. I have by means of it de- ' 
teoted iodine, when one-tenth of a grain of the iodide of 
potassium was dissolved in 16,775 grains of water. Rela- 
tive to this method, I may further remark, that by well mix- 
ing the acid and stai'ch, not only is the starch reduced to i 
gelatinous state favourable for being acted on by the iodine,jj 
as liberated by the action of the chlorine, but also that theJ 
excess of chlorine is, to a great extent, got rid of. TheJ 
platina capsule has appeared preferable to one of gla.BS, f 
shewing the effect of colour by reflected light more readily 5 
and distinctly ; and also, I am disposed to think, from some,! 
peculiar influence which the metal exercises, favouring the-<|l 
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combination of tte starch and iodine, similar, it may be, to 
that of spongy platinum, in effecting the union of oxygen and 
hydrogen, 

In seeking for iodine in animal substances by incineration, 
it may be well to keep in mind, that, experimentally con- 
sidered, the liability to error lies in undeiTating, rather than 
in overrating the result by the methods employed, and that 
mainly in consequence of more or leas of loss of iodine being 
sustained in the process of combustion, incineration, and 
evaporation used. To illustrate this by a simple experiment, 
I may mention that a portion of water, equivalent to about 
1525 grains, in which were dissolved 10 grains of common 
salt, and 'OO grain of iodide of potassium, was quickly evapo- 
rated to dryness by boiling. Previously, the iodine could be 
detected in the mixture by the test I have used ; but not 
afterwards, when the residual salt was dissolved in the same 
quantity of water ; proving how there had been a loss of the 
iodine in the operation of boiling ; a loss chemists are fami- 
liar with, of substances in themselves not volatile, carried 
off suspended in aqueous vapour. 

In stating the comparative exemption of iishermen and 
their families from pulmonary consumption, as indicated by 
the Plymouth Dispensary return, I have not given the total 
number of this class of persons. This deficiency I am now 
able to supply. From information which I have received, for 
which I am indebted to the Registrar- General, it would ap- 
pear, that of the total male population of Plymouth (24,605), 
the number of fishermen is 726, exclusive of 37 pilots. This 
large proportional number renders the fact of their exemp- 
tion the more remarkable, and especially comparing them 
with a class of the population, altogether different in their 
habits, and, it may be presumed in their diet, using fish only 
occasionally when abundant and cheap, — these are the cord- 
wainers or shoemakers, whose number altogether (males) is 
608. Now, on consulting the Dispensary retura, I find, that 
the total number of this class that have died of the disease 
ander consideration, has been 37, viz., 19 males and 18 
females ! 
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R«fleot)Dg on the fact, that iodiue h&n been detected in a 
the trials I have hitherto made oa sea-fish, it aeemed proba- 
ble that guano, considering its origin, would not be dostitate 
of this substance ; and the result of experiments has been 
confirmatory ; using the test-method noticed above, a diatinct 
indication of its presence was obtained, both in the instance 
of the Peruvian and African guano, the only two I have jot 
tried. 

Lesketh llow, June 1. 1853. 



On the Identity of f'Jtructure of Plants and Animala, 

Thomas H. Hdxlbv, Esq., F.R.S. Read before the Eoyi 

Institution. 

The lecturer commenced by referring to his endeavoui 
last year to shew that the distinction between living creabtu 
and those whtcli do not live, consists in the fact, that wbil^ 
the latter tend to remain as they are, unless the operation I 
of some external cause elFect a change in their condition, the 
former have no audi inertia, but pass spontaneously through 
a definite succession of states — dilferent in kind and order a£ « 
succession for different species, but always identical in ttu 
membei-s of the same species. 

There is however another character of living bodies, Ort 
ganizaiion — which is usually supposed to be their most strik'J 
ing peculiarity, as contrasted with beings ^vhich do not livfl|i 
and it was to the essential nature of organization that thofl 
lecturer on the present occasion desired to direct attention. • 

An organized body, does not necessarily possess organs ii^l 
the physiological sense — parts, that is, which discharge soma^ 
function necessary to the maintenance of the whole. Neitbeiu 
the germ nor the lowest animals and plants possess organs^ 
in this sense, and yet they are organized. 

It is not mere external form, again, which constitutes o 
ganization. On the table there was a lead-tree (as it is called^ 
which, a mere product of crystallization, possessed the coniJ 
plicated and graceful form of a delicate fern. If a secdoql 



Identittf of Structure of Plants and Animals. 283 

were made of one of the leaflets of tiiis tree, it would be found 
to poasesa a structure optically and ehemically homogeneous 
throughout. 

Make a section of any young portion of a true plant, End 
the result will be very different. It will be found to be nei- 
ther chemically nor optically homogeneous, but to be com- 
posed of small definite masaea coutftining a large quantity of 
nitrogen, imbedded in a homogeneous matrix having a very 
different chemical composition ; containing in fact abundance 
of a peculiar substance, Cellulose. 

The nitrogenous bodies may be more or less solid or vesi- 
cular, and they may or may not be distinguished into a cen- 
tral maas (nucleus of authors) and a peripheral portion [con- 
tents, PHmordial utricle of authors.) Ou account of the 
confusion in the existing nomenclature, the lecturer proposed 
the term Endoplants for them. 

The cellulose matrix, though at first unquestionably a 
homogeneous continuous substance, readily breaks up into 
definite portions surrounding each endoplast : — and these 
portions have therefore conveniently, though, as the lecturer 
considered, erroneously, been considered to be independent 
entities under the name of cells — these, by their union, and 
by the excretion of a hypothetical intercellular substance, 
being supposed to build up the matrix. On the other hand, 
the lecturer endeavoured to shew that the existence of sepa- 
rate cells is purely imaginary, and that the possibility of 
breaking up tbc tissue of a plant into such bodies, depends 
simply upon the mode in which certain chemical and physi- 
cal differences have arisen in the primarily homogeneous 
matrix, to which, in contradistinction to the endoplast, he 
proposed to give Uie name of Periplast or periplastic sub- 
stance. 

In all young animal tissues the structure is essentially the 
same, consisting of a homogeneous periplastic substance with 
imbedded endoplasts (nttolei of antliors) ; as the lecturer 
illustrated by reference to diagrams of young cartilage, con- 
nective tissue, muscle, epithelium, &c. &c. ; and he therefore 
drew the conclusion that the common structural character of 
living bodies, as opposed to those which do nut live, is the 
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csUtence in the toriner of a local pbysico-cbemical di^< 
entiatioR ; while the latter are physically and chemicaU; 
homogeneous throughout. 

These fact§, in theii- general outlines, have been wellknowjl 
since the promulgation, in 1838, of the celebrated cell-theoij 
(jf Schwanu. Admitting to the fullest extent the service 
which this theory had done in anatomy and physiology, the 
lecturer endeavoured to shew that it was neverthelesa ior 
feeted by a fundamental error, which had introduced con- 
fusion into all later attempts to compare the vegetable with, 
the animal tissues. This error arose from the circumstaoi 
that when Schwann wrote, the primordial utricle in the ve^ 
table cell was unknown. Schwann, therefore, who atarti 
in his comparison of animal and vegetable tissues from th^ 
structure of cartilage, supposed that the corpuscle of the 
cartilage cavity was homologous with the "nucleus" of the 
vegetable cell, and that therefore all bodies in animal tissues, 
homologous with the cartilage corpuscles, were " nuclei." 
The latter conclusion is a necessary result of the premises, 
and therefore the lecturer stated that he had carefully re- 
examined the structure of cartilage, in order to determine 
which of its elements coiTcsponded with the primordial utricle 
of the plant, — the important missing structure of which 
Schwitnn had given no account. — working subsequently from 
cartilage to the diifercnt tissues with which it may be traced 
into direct or indirect continuity, and thus ascertaining the 
same point for them. 

The general result of these investigations may be thus ex- 
pressed: — In all the animal iissues the so-called nucleua 
(endoplasta) is the homologiie of the primordial utricle {;wiih- 
nxicleus and contents) (endoplast) of the plant, the oi 
histological elemente being invariably modificaUons of 
periplastic substance. 

Upon this view we find that all the discrepancies which 
had appeared to exist between the animal and vegetable 
structures disappear, and it becomes easy to trace the ab- 
solute identity of plan in the two, — the differences beti 
them being produced merely by the nature and form of 
deposits in, or modifications of, the periplastic substance. 
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Thua in the plant, the endoplast of the yonng tissue be- 
comes a, " primordial utricle," in which a central maBs, the 
" nucleus," may or may not arise ; persisting for a longer or 
For a shorter time, it may grow, divide and subdivide, but it 
never (?) becomes metamoi-p hosed into any kind of tissue. 

The periplastic substance follows to some extent the 
changes of the endoplast, inasmuch as it generally, though 
not always, grows in when the latter has divided, so as to 
separate the two newly-formed portions from one another ; 
but it must be carefully borne in mind, though it is a point 
which has been greatly overlooked, that it undergoes its own 
peculiar metamorphoses quite independently of the endo- 
plast. This the lecturer illustrated by the sti-iking case of 
the sphagnum leaf, in which the peculiarly thickened cells 
can be shewn to acquire their thickening fibre a/fer the total 
disappearance of the pTimordial utricle ; and lie further 
quoted M. von Mohl's observations as to the early disappear- 
ance of the primordial utricle in woody cells in general, in 
confirmation of the same views. 

Now, these metamorphorses of the periplastic substance 
are twofold : 1. Chemical ; 2. ilorphological . 

The chemical changes may consist in the conversion of the 
cellulose into xylogen,&c. &c., orin the deposit of salts, silica, 
Ac, in the periplastic substance. Again the periplastic sub- 
stance around each endoplast may remain of one chemical 
composition, or it may be different in the outer part (so-called 
intercellular substance) from what it is in the inner (so- 
called cell-wall). 

As to morphological changes in the periplastic substance, 
they consist either in the development of cavities in its sub- 
stance — vacHolation (development of so-called intercellular 
passages), or la fibrillation (spiral fibres, &c.) 

It is precisely the same in the animal. 

The endoplast may here become diflPerentiated into a nu- 
cleus and a primordial utricle (as sometimes in cartilage), 
or more usually it does not,^-one or two small solid particles 
merely arising or existing from the first, as the so-called 
"nucleoli;^' — it persists for a longer or shorter time; it 
divides and subdivides, but it never (except perhaps in the 



336 Thomas E. Haslej, Esq., on U*e 

eMte of tbe epermatoKba and tiie tttread-cells of MednMB. Sec.) 
becomes metaoiorpboBed into any tisstte. 

Tbe periplastic substance, on tlie other hand, ontlergoes 
quite independent modifications. By chemical change or de- 
posit it acquires horn, collagen, dbondrin, s^tooin, fats, 
calcareous salts, according as it becomes epitheliam, con- 
nectire tissue, cartilage, muscle, nerve, or bone ; and in 
some eases the chemical change in tbe immediate neighbour- 
hood of the endoplast is different from that which has tAken 
place ext«riorly, — so that the one portion becomes separable 
from the other by chemical or mechanical means ; whenee, 
for instance, has arisen the assumption of distinct walls for 
the bone-lacnnae and curtilage cavities ; of cell contents and . 
of intercellular substance as distinct histological elements. 

The morphological changes in the periplastic substance c 
the animal, again, are of tbe same nature as in the plant : — - ' 
vacuolation and fibrillation (by which latter term is under- 
(ituod, not only tbe actual breaking up of a tissue in definite 
lines, but the tendency to do so). Vamo(ati<m of the i 
periplastic substance is seen to its greatest extent in tb^ 
" areolar" connective tissue ; Fibrillation in tendons, fibn>-*^ 
cartilages, and muscles. 

In both plants and animals, then, thei-eisone histological 
element, the endoplast, which does nothing hut grow and rege- 
tatively repeat itself ; tbe other element, the periplastic snb- 
Btance, being the subject of all the chemical and morpholt^- 
cul metamorphoses, in consequence of which specific tissaea 
arise. The differences between the two kingdoms are main- ' 
ly, 1. That in the plant the endoplast grows, and as the pri- 
mordial utricle, attaias a large comparative aize^while in*| 
the animal the endoplast remains small, the principal bulkj 
of its tissues being formed by tbe periplastic substance ; andll 
2 ; in the nature of the chemical changes which take placO'l 
in the periplastic substance in each case. This distinction^ •{ 
however, does not always hold good, the Ascidians furnishing j 
examples of animals whose periplastic substance contains j 
cellulose. 

"The plant, then, is an animal confined in a wooden case ; 
and Nature, like Sycorax, holds thousands of ' delicate Ariels* j 
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imprisoned within every oak. She is jealous of letting us 
know this, and among the higher and mof e conspicuous fonna 
of plants, reveals it only by such obscure manifestations as 
the shrinking of the Sensitive Plant, the sudden clasp of the 
Dionosa, or, still more slightly, by the phenomena of the Cy- 
closts. But among the immense variety of creatures which 
telongto the invisible world, she allows more liberty to her 
Dryads ; and the Protococci, the Volvox, and indeed all the 
Algae, are, dui'ing one period of their existence, as active as 
animals of a like grade in the scale. True, they are doomed 
eventually to shut themselves up within their wooden cages 
and remain quiesL-ent, but in this respect they ai'e no worse 
off than the polype, or the oyster even.'' 

In conclusion, the lecturer stated his opinion that the cell- 
theory of Schwann consists of two portions of very unequal 
yalue, the one anatomical, the other physiological. So far 
aa it was based upon an ultimate analysis of living beings, 
and was an exhaustive expression of their anatomy, so far 
will it take its place among the gi'eat advances in science. 
But its value is purely anatomical, and the attempts which 
have been made by its author, and by others, to base upon it 
some explanation of the physiological phenomena of living 
beings by the assumption of cell-force, metabolic-force, &e. 
&c., cannot be said to be much more philosophical than the 
old notions of " the actions of the vessels," of which physio- 
logists have lately taken so much paius to rid themselves. 

" The living body has often, and justly, been called, ' the 
house we live in.' Suppose that one, ignorant of the mode 
in which a house is built, were to pull it to pieces, and find 
it to be composed of bricks and mortal', — would it be very 
philosophical on his part to suppose that the house was built 
by brick-force? But this is just what has been done with 
the human body ; we have broken it up into ' cells,' and now 
we account for its genesis by cell-force." 



()(( Changes of Level in the Pacific Ocean. 

By J. D. Dana, Esq. ^ '^ 

Evidences of change of level io tbe Pacific are to be looked 
for in tlie height or condition of the coral-reef formations or 
deposits, in tbe character of the igneous rocks, aiid in the 
features of the surface. The points of evidence are as 
follow : — 

A. Emd«neeg of EUvation. 

1. Patches of coral reef, or depoaits of shells and mtut 
from the reefs, above the level where they are at present 
formiwj. — ^The coral-reef rock has been shewn occasionally 
to increase by growth of coral to a height of four to six 
inches above low-tide level, when the tide is but three feet, 
and to twice this height with a tide of six feet. It may 
therefore be stated as a general fact, that the limit to which 
coral mny groiv above ordinary low tide, is nbout one sixth 
the height of the tide, though it seldom attains this height. 

Beach accumulations of large masses seldom exceed eight 
feet above high tide, and the finer fragments and sand may"- 
raise the deposit to ten feet. But with the wind and waves 
combined, or on prominent points where these agents may 
act from opposite directions, such accumulations may be 
Ihirti/ to forf)/ feet in Leiglit. These are drift deposits, 
finely laminated, generally with a sandy texture, and com- 
monly without a distinguishable fragment of coral or shell 
and in most of these particulars they are distinct from reef 
rocks. (Pp. 369, 370, vol. xi.) 

2. Sedimentari/ deposits or layers of rolled stones inters 
stratified among the igneous lax/ere, 

3. Compactness of the igneous rocks. — The great un- 
certainty of this kind of evidence has been shewn in another 
place. 

B. Evidences of Subsidence. 

1. The e^stence of wide and deep channels between 
island and any of its coral reefs ; or, in other words, tha, 
eanste-ne^ of barrier reefs. 
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2. Lagoon islands or atolls. 

3. Submerged atolls. 

i. Deep hay indentations in coasts, as the terminations of 
valleys. — In the remarks upon the valleys of the Pacific 
Islands, it has been shewn that they were in general formed 
by the waters of the land, unaided by the sea; that the sea 
tends only to level off the coast, or give it an even outline- 
When, therefore, we find the several valleys continued on 

I beneath the sea, and inclosing ridges standing out in long 
narrow points, there is reason to suspect that the island has 
Bubsided after the formation of its valleys. For such an 
island aa Tahiti could not subside even a few scores of feet 

I without changing tlie even outline into one of deep coves or 

I bays, the ridges projecting out to sea on every side, like the 
spread legs of a spider. The absence of such coves, on the 

I contrary, is evidence that any subsidence which has talcen 
place, has been comparatively smaller in amount. 
i. Seashore alluvial fiats or deposits. 
i. The lava surface of a volcanic island, sloping witJtoui 

I interruption beneath the water, instead of terminating in a 

1 shoTe cliff of a hundred feet or so. 

C. Probable et/idenee of Subsidence now m progress. 
1, An atoll reef without green islets, or with hut few small 
spots of verdure. — The accumulation requisite to keep the 
reef at the surface-level, during a slow subsidence, renders 
it impossible for the reef to rise above the waves, unless the 
subsidence is extremely slow. 

From the above review of evidences of change of level, 
it appears that when there are no barrier reefs, and only 
fringing reefs, the corals afford no evidence of subsidence. 
But it does not follow that the existence of only fringing 
reefs, or of no reefs at all, is proof against a subsidence hav- 
ing taken place. For we have elsewhere sheivn that through 
volcanic action, and at times other causes, corals may not 
have begun to grow till a recent period, and therefore we 
learn nothing from them as to what may previously have 
taken place. While, therefore, a distant barrier is evidence 
of change of level, we can draw no conclusion either one way 
. VOL. LV. NO. ex, — OCTOBER 1853, Q. 
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or tfae other, tu is done bv D&min. froin the fiutt that tiM 
reefs are small or wholly wanting, until the possible opera- 
tion of the several causes Uniiting th^ir diatribati<Mi has beea 
dnly considered. 

The inflnence of Tolcanoes in prerenting tlie growtb of 
zoophytes extends only ao far at the sabmarine action in&y 
heat the water: and itmaytherefore beeonfined withinafew 
miles of a volcanic island, or to certain parts only of its skorei- 

There are three epochs of changes in elevation which 
he distinguished and separately considered : 1. The sobaa- 
<)ence indicated by atolls and barner reefs ; 2. Elevations 
during more recent periods, and also during tlie same epo<^ 
of subsidence ; 3. Changes of level anterior to the atoll salr- 
didonce, and the growth of recent corals. On this last point 
we have few facts. 

1. Subeideticc indicated by atolU and barrier rteft. 
In a survey of the ocean, the eye observing its numerous 
atollH, sees in each, literally as well as poetically, a coral nm 
npon a rocky island that lies buried beneath the waves. 
Through the equatorial latitudes such marks of subsidence 
abound, from the eastern Paumotu to the westera Carolines, 
a distance of about 6000 geographical miles. In the Pao-jl 
motu Archipelago there are about eighty of these atolla.,J 
Going westward, a little to the north of west, they arol 
found to dot the ocean at irregular intervals ; and at tha>l 
Tarawan Group the Carolines commence, which consist < 
neventy or eighty atolls. 

If a line be drawn from Pitcaim's Island, the soutfaa 
most of the Paumotus, by the Gambier Group, the north Q 
the Society Group, Samoa, and the Salomon Islands, to tiie 
Pelews, it will form nearly a straight boundary trending N. 
70" W., i-unning between the atolls on one side, and tiie 
high islands of the Pacific on the other, the former lying t 
the north of the line, and the latter to the south. 

Between this boundary line and the Hawaiian Islands, i 
area nearly two thousand miles wide and six thousand long', I 
there arc two hundred and four islands, of wliich only thrM | 
I, exclusive of the eight Marquesas. These thrtf 
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»ire Ualan, Banabe (Ascension or Pounypet), and Hogoleu, 
all in the Caroline Archipelago. South of the same line, 
within three degrees of it, there is an occasional atoll ; but 
ind this distance there are none excepting the few in the 
[Friendly Group, and one or two in the Feejees. 

If each coral island scattered over this wide area indicates 
a subsidence of an island, we may believe that the subsidence 
was general throughout the area. Moreover, each atoll, 
could we measure the thiclinesa of the coral constituting it, 
would inform us nearly of the extent of the subsidence 
where it stands ; for they are actually so many registers 
placed over the ocean, marking out not only the site of a 
buried island, but also the depth at which it lies covered. 
We have not the means of applying tlie evidence ; but there 
are facta at hand which may give, at least, comparative 
results. 

We observe, ^)'a(, that barrier reefs are, in general, evi- 
dence of less subsidence than atoll reefs (xiii. 186), conse- 
quently the great preponderance of the former just below the 
Bonthern boundary line of tlie coral island area, and farthci" 
south the entire absence of atolls, while atolls prevail so uni- 
versally north of this line, are evidence of little depression 
just below the line ; of less further south ; and of the greatest 
amount north of the line, or over the coral area. 

b. The subsidence producing an atoll, when continued, gra- 
dually reduces its size, until finally it becomes so small that 
the lagoon is obliterated ; and consequently a prevalence of 
these small islands is presumptive evidence of the greater sub- 
sidence. We observe, in application of this prluciple, that 
the coral islands about the equator, five or ten degrees south 
between thePaumotusand the Tarawan Islands, are the small- 
est of the ocean : aevei-al of them are without lagoons, and 
3 not a mile in diameter. At the same time, in the Paumo- 
tuB, and among the Tarawan and Marshall Isia d th 
atolls twenty to fifty miles in length, and a ly Is than 
three miles. It is probable, therefore, that tl ub d n n 
cheated was greatest at some distance no th f th b u da 
■line, over the region of small equatorial land b tw n tl 
leridian of 150" W. and 180°. 

Q, 2 
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c. When, after tbus reducing tlie size of the atoll, the »ub* 
Bideace continues its progresB, or when it is too rapid for thft' 
growing reef, it finallj' sinks the coral island, which, tfaertt^ 
fore, disaiipears from the oneau. Now it is a remarkaW* 
fact that while the islands about the equator above alluded 
to indicate greater subsidence than farther soutli, north of 
these islands, that is, between them and the Hawaiian Group, 
there is a wide blank of ocean without an island, which 
near twenty degrees in breadth, This area lies betweestf 
the Hawaiian, the Fanning, and the Marshall Islands, 
stretches off between the first and last of those groups, far 
the north-west. 

Is it not, then, a legitimate conclusion that the subBideae* 
which was least to the south beyond tlie boundary line, and 
increased northward, was still greater or more rapid over this 
open area ; that the subsidence which reduced the size of the 
islands about the cqnator to mere patches of reef, was farther, 
continued , and caused the total disappearance of islands that 
onee covered this part of the ocean t 

d. That the subsidence gradually diminished south-wesb* 
wardly from some point of greatest depression situated to tbft 
northward and eastward, is apparent from the Feejee Groofri 
alone. Its north-east portion, as the chart shews (see vnrti 
xiv.), consists of immense barriers, with barely a single poiat 
of rock remaining of the submerged land; while in the yreatt 
and south-west there are basaltic islands of great magnitude* 
Again, along to the north side of the Vanikoro Group, th« 
Salomon Islands, and New Ireland, there are coral atolU,-. 
though scarcely one to the south. 

In view of this combination of evidence, we cannot di 
that the subsidenceincreased from the south to the northwi 
or north-eastward, and was greatest between the Samoi 
and Hawaiian Islands near the centre of the area destitul 
of islands, about longitude 170° to 175° W., and 8° to 10' 

But we may derive some additional knowledge reapectini 
this area of subsidence from other facts 

Uaiiiaiian Itavge. — We observe that tlie western island* 
irt-#he Hawaiian Range beyond Bird Island, are coral Island*, 
and &t} indicate some participation in this subsidence, To thi 
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eashvanl in the range, Kauai and Oaliu have only fringing 
reefs, yet in aome places these reefa are lialf-a-mile to three- 
foorths in width. They indicate a long period since they be- 
gan to grow, which is borne out by the features of Kauai 
ahewing a long respite from volcanic action. We conse- 
quently detect proof of but little subsidence of the islands- 
Moreover, there are no deep buys ; and, besides, Kauai has s 
gently sloping coast plain of great extent, with a ateep ahore 
ftcclivity of one to three hundred feet, all tending to pi'ove the 
BtnalluesB of tlie subsidence. We should therefore conclude 
that these islands lie near the limits of the subsiding area, 
and that the change of level was greatest at the western ex- 
tremity of the range beyond Kauai. 

Marquesas. — The Marquesas are remarkable for their 
abrupt shores, often inaccessible cliffs, and deep baya. The 
absence of gentle slopes along tlie shores, their angular fea- 
tures, abrupt soundings close alongside the islands, and deep 
indentations, all bear evidence of subsidence to some extent; 
For their features are very similar to those which Kauai, or 
Tahiti, would present, if buried half its height in the sea, leav- 
ing only the sharper ridges and peaks out of water. They are 
situated but five degrees north of the Pantnotus, where eighty 
ilands or move have disappeared, including one at least fifty 
liles in length. There is sufficient evidence that they par- 
icipated in the subsidence of the latter, but not to the same 
extent. They are nearly destitute of coral. * 

Gamhier or Mangareva Group. — In the southern limits 
of the Pauinotu Archipelago, where, in accordance with the 
foregoing views, the least depression in that region should 
have taken place, there are actually, as we have stated, two 
high islands, Pitcairn^s and Gambler's. There ia evidence, 
however, in tlie extensive barrier about the Gambler's, that this 
subsidence, although less than further north, was by no means 
of small amount. On page 371, vol. xi., we have estimated 
it at IISO feet. These islands, therefore, although towards 
the limits of the subsiding area, were still far within it. The 
valley-bays of the Mangareva islets are of great depth, and 
afford additional evidence of the subsidence. 

Tahitian 2s /wmi^s.^ The Tahiti an Islands, along with Samoa 
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and the Feejees, are near the northern limits of the 
pointed out Twenty-five miles to the north of Tahiti, wHhto 
HJght from its peaks, lies the coral island Tetuaro&, a 
of subsidence. Tnliiti itself, by its barrier reefs, gives evi- 
dence of the same kind of ehange ; amounting, however, as w« 
have estimated, to a depresaion of but two hundred and fifty 
or three humlrcd feet. The north-western islands of the group 
lie more within the coral area, and correspondingly, they have 
wider reefs and channels, and deep bays, indicating a greaUtr 
amonnt of subsidence. 

Samoa. — The island of Upolu has extensive reefs, wbidll 
in many parts are three-fourths of a mile wide, but no inoor 
channel. We have estimated the subsidence at one or two 
hundred feet. The volcanic land west of Apia declines witb 
an unbroken gradual slope of one to three degrees beneath tfae 
Hea. The absence of a low clitf is probable evidence of a de- 
pression, as has been elsewhere shewn. The island of Tutuila 
has abrupt shores, deep bays, and little coral. It appears 
probable, therefore, that it has experienced a greater subsi- 
dence than Upolu, Yet the central part of Upolu has veiy 
similar bays on the north, which would afford apparently the ' 
same evidence ; and it is quite possible that the facts indicate 
a sinking which either preceded the ejections that now cover 
the eastern and western extremities of Upolu, or accompanied 
this change of level. Sov.iii has small reefs, from which we 
gather no certain facts bearing on this subject. East of 
Tutuila ia the coral island. Rose. It may be, therefore, that 
the greatest subsidence in the group was at its eastern ex- 
tremity. 

Feejee Islands. — We have ah-eady remarked upon Hat 
gi-oup. A large amountof subsidence is indicated by the reefs 
in every portion of the group, but it was greatest beyond 
doubt in the north-eastern part. 

Ladrones. — The Ladrones appear to have undergone their 
greatest subsidence at the north extremity of the range, the 
part nearest the centre of the coral area ; for although the 
fii-es at the north have continued longest to burn, the islands 
are the smallest of the gi'oup, the whole having disappeared 
except the summits, which still eject cinders. The southeni 
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islands of the group have wide reefa, but they afford no good 
evidence of any great extent of Bubsidence since the i-eefs 
began to form. 

We have thus surveyed the boi-dera of the coral area, and 
besides proving the reality of the limits, have ascertained 
Bome facts ivith reference to a gradual diminution of the subsi- 
dence towai'ds and beyond these limits. A line from Pitcairn's 
to Bird in the Hawaiian Group appears to have a correspond- 
ing position on the north-east with the southern boundary line 
of the coral area ; the two include a large ti'iangular area. An 
axis nearly bisecting this triangular space, drawn from Pit- 
oaim's toward Japan, actually passes through the region of 
greatest subsidence, as we have before determined it, and may 
be considered the aitial line, or line of greatest depression 
for the gi-eat area of subsideQce. 

It is worthy of special note, that this axial line, or line of 
greatest depression, coincides in direction with the meant trend 
of the great ranges of islands, it having the course N. 5'2° W. 

The Bouth(i"n boundary line of the coral area, as we have 
laid it down, lies within the area of subsidence, although near 
its limits. 

There are places along this line where this area has been 
prolonged further than elsewhere. One of these regions lies 
between Samoa and Rotuma, and extends down to the Feejees 
and Tonga Group; another is east of Samoa, reaching towards 
the Hervey Group. Each of these extensions trends parallel 
with the groups of islands, and with the part of the line east of 
Tahiti. It would seem, therefore, that the Society and Samoa 
Islands were regions of less change of level than the deep 
Beas about them. 

What may be the extent of the coral mibsidenre? — It is 
very evident that the sinking of the Society, Samoan, and 
Hawaiian Islands, has been small compared with that required 
to submerge all the lands on which the Pauraotus and the other 
Pacific atolls rest. One, two, or five hundred feet could not 
have buried all the many peaks of these islands. Even the 
1500 feet of depression at the Gambier Group is shewn to be 
at a distance from the axis of the subsiding area. The groups 
of high islands above mentioned contain summits fram 4000 to 
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10,WO feet above the sea; and can we believe it poaaible ihat 
tliroughout tbis large arcii, when tbe two buiulred Islands now 
sunk were above the waves, there were none equal in altitude 
to the mean of these heights I That all should have been 
within nine thousand feet in elevation, is by no weans pro- 
bable. However moderate our estimate, there must still be 
idluwedasinkingof several thousand feet; and however much 
we increase it within probable bounds, we shall not arrive at 
a more surprising change of level than our continents shew 
that they have undergone. 

Between the New Hebrides and Australia, tbe reefs and 
islands mark out another ai-ea of depression, which may have 
been simultaneously in pi'ogress. The long reef of one hun- 
dred and fifty miles from the north cape of New Caleduuia,and 
tbe wide barrier ou the west, cannot he explained without sup- 
posing a subsidence of one or two thousand feet at tlie least. 
The distant barrier of New Holland is proof of as great, if 
not greater, subsidence. 

Effecl of th£ subaidence. — The facts surveyed give us a 
long insight iuto the past, and exhibit to us the Pacihc acAt- 
tured over with lofty lands, whei-e there are now only humble 
monumental atolls. Had there been no growing coral tl 
whole would have passed without a record. These permani 
registers, planted ages past in various parts of the ti-opii 
exhibit, in enduring characlers, the oscillations which &ab 
" stable " earth has since undergone. Thus Divine wisdom 
creates, and makes the creations inscribe their own history j 
and there is a noble pleasure in deciphering even one b( 
tence in this Book of Nature, 

From the actual extent of the coral reefs and islands, 
know that tbe whole amount of high land lost to the Pacific' 
by the subsidence, was at least fifty thousand square milea. 
But since atolls are necessarily smaller than the land they 
cover, and the more so, the farther subsidence has proceeded' ' 
since many lands from their abrupt shores, or through 
canic agency, must have had no reefs about them, and han 
disappeared without a mai-k, and others uiay have subsided 
too rapidly for the corals to retain themselves at the surface, — 
it is obvious that this estimate is far below the truth. It ij 
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apparent; that in many cases islauds now disjoined liave been 
Once connected, and thus several atolls may have been made 
about tbe heights of a, single subsiding land of large size. 
Such facts shew forther error in the above estimate, evin- 
cing that tbe scattered atolls and reefa do not tell half the 
^tory. Why is it, also, that the Pacific Islands are confined 
to the tropics, if not that beyond thirty degrees the zoophyte 
bould not plant its growing registers ? 

Yet we should beware of hastening to the conclusion that a 
continent onee occupied the place of the ocean, or a large 
part of it, which is without proof. To establish the for- 
mer existence of a Pacific continent is an easy matter for the 
fancy ; but geology knows nothing of it, nor even of its pro- 
bability. 

The island of Banabe, in the Caroline Archipelago, affords 
evidence of a sabsidence m progress, as my friend, Mr 
Horatio Hale, the philologist of the expedition, gathered from 
a foreigner who had been for a while a resident on this island. 
Mr Hale remarliS, after explaining tbe character of certain 
sacred structures of stone, "It seems evident that the con- 
structions at Ualan and Banabe are of the same kind, and 
were built for tbe same purpose. It is also clear that when 
the latter were raised, the islet on which they stand was in 
a different condition from what it now is. For at present 
they are actually in the water ; what were once paths are 
now passages for canoes, and as O'Connell (his informant) 
says, ' when the walls are broken down the water enters the 
enclosures.' " Mr Hale hence infers, " that the land, or the 
whole gi-oup of Banabe, and perha[is all the neighbouring 
groups, have undergone a alight depression." He also states 
respecting a small islet near Ualan, '■ from tbe descHption 
given of Leilei, a change of level of one or two feet would 
render it uninhabitable, and reduce it, in a short time, to the 
same state as the isle of ruins at Banabe.^' 

Period of the subsidence. — Tbe period during which these 
changes were in progress, was probably since the tertiary 
epoch. In the island of Metia, elevated over two hundred 
feet, the corals below were tbe same as those now existing, 
as far as we could judge from tbe fossilized specimens. At 
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Uie inD«> ntargto of sbore reefs, tl»ere is die suae idei 
with exbtrng genera. We do not clAim to have exs 
the basement of the cor&l islands, and off«r these facts a« i 
unly evidence on this point that is mthin reach. We c 
know with absolute certainty that the present races of i 
phytes niay not be the aacc«ssor3 of others of the 
epoch ; but we do know that we have little reasoo in i 
observed fur even the suspicion. For a long time volcanic 
action was too general and constant for the growth of corals ; 
and this may have continued to interfere till a comparatively 
late period, if we may judge from the appearance of the rocks 
even on Tahiti. 

The evidence of subsidence fix>m coral islands mi^t be pur- 
sued to other regions in other seas ; but we here only refer 
to the facta on this point presented in oar review of the geo- 
graphical distribution of corals (xiiL 338), since we cannot 
speak from personal observation. 

The subsidence has pi-obably for a considerable period 
ceased in most, if not all. parts of the ocean, and subsequent 
elevations of many islands and groups have taken place, which 
we shall soon consider. In some of the Northern Carolines, 
the Pescadores, and perhaps some of the Marshall Islands, 
the proportion of dry land is so very small, compared with 
the great extent of the atoll, that there is reason to suspect 
u slow sinking even at the present time ; and it, is a fact of ■ 
special interest in connection with it that this region is Defurfl 
the axial line of greatest depression, where, if in any pari,il 
the action should be longest continued. 

Among the Kingsmills and Faumotus, there is no reason 
wliatever for supposing that a general subsidence is still in 
pi-ogresa ; the changes indicated are of a contrary character. 

The results to which we have hei-e been led obviously differ, j 
in many particulars, from the deductions of Mr Darwin. 



2. Elevations of modern eras in the Panfic. 

Since the period of subsidence, the history of which hui J 

occupied us in the preceding pages, there has been no equal^l 

general elevation. Yet various parts of the ocean bear evi^ 
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^nce of changes conBned to particular islands or groups of 
islands. While the former exemplify one of the grander 
'events in the earth's history, in which a large segment of the 
globe was concei-ned, the latter exhibit its minor changes 
over limited areas. The instances of these changes are so 
numerous and bo widely scattered, that they convince us of a 
cessation in the previous general subsidence. 

The most convenient mode of reviewing the subject is to 
state in order the facts relating to each group. 

a. Paumotu Archipelago. — The islands of this arehipe- 
lago appear in general to have that height which the ocean 
may give to the materials, Nothing was detected which sa- 
tisfied us of any general elevation in progress through the 
archipelago. The large extent of wooded land shows only 
that the islands have been long at their present level : and 
on this point our own observations confirm those of Mr Dar- 
win. There are examples of elevation in particular islands 
however, some of which are of unusual interest. The in- 
stances examined by the Expedition, were Honden (or Henu- 
ake). Dean's Island (or Nairsa), Aurora (oi* Metia), and Cler- 
mont Tonncrre. Beside these, Elizabeth Island has been 
described by Beeehey, and the same author mentions certain 
facts relating to Ducin's Island and Osnaburgb, which afford 
some suspicions of a rise. 

Honden or Dog Island. — This island is wooded on its 
different sides, and has a shallow lagoon. The beach is eight 
feet high and the land about eleven. There are three en- 
trances to the lagoons, all of which were dry at low water, 
and one only was filled at high water. Around the lagoon, 
near the level of high tide, there were numerous shells of 
Tridacna lying in cavities in the coral rock, precisely as they 
occur alive on the shore reef. As these Tridacnas evidently 
lived where the shells remain, and do not occur alive more 
than six or eight inches, or a foot at the most, above low 
tide, they prove, in connection with the other facts, an ele- 
vation of twenty inches or two feet. 

Nairsa or Dean's Island. — The south side of Dean's 
Island, the largest of the Pauniotus, was coasted along by 
the Peacock, and from the vessel we observed thattbe rim of 
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land consisted for miles of an even wall of coral rock, i 
parently six or eight feet above liigh tide. Tbis wall " 
broken into rude coluraiis, or escavated with ai-ches t 
caverns; in some places the sea had carried it away i 
fifty to one hundred rods, and then there folloived again a 
line of columns and walla, with occasional arches aa before. 
The reef, formerly lying at the level of low tide, had been 
raised above the soa, and subsequently had undergone degra- 
dation from the waves. The standing columns had aome 
resemblance in certain parte to the masses seen here and 
there on the shore platforms of other islands ; but the lattetf j| 
are only liiatantly scattered masses, while on this island, fo* 
the greater part of the course, there were long walls of reeP-J 
ruck. The height moreover was greater, and they oeonrr 
too on the leeward side of the island, ran^ng along nearljff 
it whole course. 

The elevation here indicated was at least six feet ; hut I 
may have been larger, as the obaervEitions were made frofli 
ship-board. Thirty miles to the south^vard of Dean's Islai 
we came to Metia, one of the most remarkable examples ( 
elevation in the Pacific. 

Metia. — This island has already been described, and iU 
elevation stated at two hundred and fifty feel. (See xij. 4(XJ1 

Clennont Tonnerre,' accoixling to Mr Couthony, shews tbi 
sjune evidence of elevation from Tridacnasaa Hondenlslon^ 
Clermont Tonnerre and Honden are in the north-easten) 
limits of the Paumotiis. 

Elisabeth Island was early shewn to be an elevated c 
island by Beechey. This distinguished voyager represent^ 
it as having perpendicular cliffs fifty feet in height. Froi 
his description, it is obviously of the same character as 1 
tia ; the elevation is eighty feet. 

Ducie's Island is described by Beechey as twelve feethigl^ 
which would indicate an elevation of at least tme or two fee| 

Osaahargh Island, according to the same author, aifordfl 
evidence of having increased its height since the wreck of tl 
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Matilda in 1792. He contrasts tbe change fi-om " a reef nP 
rocltB," as reported by the crew, to " a conspicuously wooded 
island," the condition when he viaited it ; and states further, 
that the anchor, iron-works, and a large gun (4-pounder) of 
this vessel were two hundred yards inside of the line of 
breakers. Captain Beechey suggests that the coral had 
grown, and thus increased the height. But this process 
might have buried the anchor if the reef were covered with 
growing corals (which is improbable), and could not have 
raised its level. If there has been any increase of height 
(which we do not say is certain), it must have arisen from 
subterranean action. 

b. Tahitian Group. — The island of Tahiti presented as no 
conclusive evidence of elevation. The shore plains are said 
to rest on coral, which the mountain debris has covered ; but 
they do not appear to indicate a rise of the land. The de- 
scriptions by diiferent authors of the other islands of this 
group, do not give sufficient reason for confidently believing 
that any of them have been elevated. The change, however, 
of the barrier reef around Bolabola into a verdant islet en- 
circling the island, may be evidence that a long period has 
elapsed since the subsidence ceased; and as B\ich a change 
is not common in the Pacific, we may suspect that it has 
been furthered by at least a small amount of elevation. 
The observation by the Rev. D. Tyerman with regai-d to the 
Bhells found at Huahine high above the sea, may be proof of 
elevation ; but the earlier erroneous conclusions with regard 
to Tahiti, teach us to be cautious in admitting it without a 
more particular examination of the deposit. 

c. Heruey and Rurutu Qroupe. — These groups lie to the 
south-west and south of Tahiti. 

Athi (Wateoo of Cook) is a raised coral island. Cook ob- 
serves that it is " nearly like Mangaia," The land near the 
sea is only a bank of coral ten or twelve feet high, and steep 
and rugged. Tbe surface of the island is covered with ver- 
dant hills and plains, with no streams. * 

* Cook'sVojaga, vol. i., pp. 180, 197. Williama-a MiflB-EntarpriiCB, i., pp. 
47, 48, first Am, edit,, Applcwn. 
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Mauke is a !nw elevated coral island.* 

Mitiaro resembles Mauke.^ 

Oicatntaiit is a low coral island, not more than six or 
seven feet high above the beach, which is coral sand. It has 
& light-reddish soil. 

Mantjaia is girted by an elevated coral reef three huntit 
feetin height. Mr "Williatna speaks of it aa coral, witih 
small quantity of fine-grained basalt in the interior of the 
island ; he states again that a broad ridge (the reef) girts 
the hills.* 

Bnruiii. has an elevated coral reef one. hundred and jij 
feet in height.g 

With regard to the other islands of these groups, ManucUj*. 
Aitutaki, Rarotonga, Reinelera, Tiihua\, and Raivavai, the 
descriptions by Williams and Ellis appear to shew that 
they have undergone no recent elevation. 

d. Scattered Islands in the lafUttdes between the Society] 
and Sarnoan Groups. — These coral islands, as far as w 
ascertain, are low like the Faumotus, excepting some of thi 
Fanning Group north of the equator, and possibly Ji 
and Maiden, 

Of the Fanning Group (situated near the equator, soui 
of the Hawaiian Group), — 

Washingto7t Island is three miles in diameter, withont 
proper lagoon ; the whole surface, as seen by ua, was covered 
densely with cocoa-nut trees. This unusual size for an island 
without a lagoon indicates an elevation, which the height of 
the island, estimated at twelve feet, confirms. The elevation 
may have been two or three feet. 

Palmyra Island, just north-west of WaBhington, is di 
scribed by Eanning as having two lagoons ; the westernmost' 
contains twenty fathoms water. Fanning's Island, to the 

* WilliauiBB Miea. Ent., pp. 39, 47, 2«1. t Ibid., pp. 39, 204. 

t Ibid., pp, 48, 60, 249. See also Mr Darwin, p. 132. 

% Ibid., p. 60. —Stutdibar; dcHcribos the coral rock as one hundrad 
and fifty foet higli (Weat of England Joarnal, i.)— Tyerman and Bennat 
describe the iitlond ns having a high central pusk with lower emineitCM, 
and apEai of the coral rock as two hundred feet high on one aide of the bay 
and three bundrod on the other (ii,, 103.)— Ellia saj« that the rocks of the In- 
M iMsdtlc, ttDd in part vesicular lavB, iii., 393 
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south-east of Washingtou, ia described by tlie same vuyagei- 
as lower than that island. The accounts give no evidence of 
elevation. 

Ckriettnas Island, still farther to the aouth-eaat, accord- 
ing to the description of Cook, its discoverer, had the rim of 
land in some parts three miles wide. He mentious narrow 
ridges lying parallel with the sea-coast, which " mnat have 
been thrown np by the sea, tliough it does not reach within 
a mile of some of these places." The proof of a small ele- 
vation is decided, but its amount cannot be determined from 
the description. The account of F. D, Bennet (Geographi- 
cal Jour., vii., 226), represents it as a low coral island. 

Jarvis Island, as seen from the Peaeock, appeared to be 
eighteen or twenty feet in height, which, if not exaggerated 
by refraction (we tliiuk it not probable), would shew an ele- 
vation of six or eight feet. This island is a sand flat, with 
little vegetation, and is but two Iiundred miles south of 
Christmas Island. 

Maiden, two hundred and fifty miles south-east of Jarvis, 
near latitude 4° S., and longitude 155° "VV., visited by 
Lord Byron, is described as not over forty feet high ; but 
this may be the whole height, including the height of the 
trees. 

e. Tonga Islands and others in their vicinity. 

All the islands of the Tonga Group about wbich there are 
reefs, give evidence of elevation ; Tongaiaiu and the JIapai 
Islands consist solely of coral, and are elevated atolls. 

Eua, at the south extremity of the line, has an undulated, 
mostly grassy sui-faee, in some parts eight hundred feet in 
height. Around thg^stores, as was seen by us fi'om ship- 
board, there ia au elevated layer of coral-reef rock, twenty 
feet thick, worn out into caverns, and with many spout-holes. 
Between the southern shores and the highest part of the 
island, we observed three distinct terraces. Coi-al is said to 
occur at a height of three hundred I'eet. From the appear- 
ance of the land, we judged that the interior was basaltic; 
hut nothing positive was ascertained with regard to it. 

Tongatdbu (an island visited by us) lies near Eua, and is 
in some parts fifty or sixty feet high, though in general but 
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twenty feet. It lias a shallow lagoon, intowhicU thei-e i 
(wo entrances ; some hummocks of coral-r^f rock ^ta 
eigl^t feot out of the water. 

Naiiitika and most of the Ilnpaii cluster, aj* stated \ 
Cook to have abrupt limestone shores, ton to twenty feet i 
height. Namuka has a tngoon or salt lake at centre, one and 
a half-mile hroad ; and there is a coral rock in one part 
twenty-five feet high.* 

Tavaii, the northernmost of the group, according to WilJ 
liams, is a cluster of elevated islands of coral limestoneg 
thirty to one hundred feet in height, having precipitona cliffiu 
with many excavations along the coast.t 

Pylstaart's Island, south of Tongatabn, is a small rockjj 
islet without coral. Tafua and Froby are volcanic conei 
and the former is still active. 

Savage Island, a little to the east of the Tonga Group, i 
aembles Vavau in its coral constitution and cavernous cliftft. 
It is elevated one hundred feet-X 

Beveridge Reef, a hundred miles south-east of Savage, is 
low coral. 

/. Samoan Islands. — No satisfactory evidences of eleva- 
tion were detected about these islands. 

g. Scattered islands north of Samoa. 

These islands are all of coral, and several indicate aaj 
elevation of one to six feet. On account of the high tjdei 
(4 to G feet), the sea may give a height of ten or twelve fe« 
to the land. 

Swabi^s, near latitude 11° S., is fifteen to eighteen feel 
above the sea, where highest, and the beach is ten to twelvsl 
feet high- It is a small island, with a depression at centr 
but no lagoon. The height proves an elevation of three t 
six feet. 

Fakaafo, ninety miles to the north, is fifteen feet higlu 
The coral-reef rock is raised in some places three feet abovi 
the present level of the platform. Elevation at least (ft« 
feet. 



* Cook's Voyage ; Willi.ma, |). 206. 

t WiUi™«, pp. 276, 276. Fostflr o 

■peaks of a depreuion aboul thu centre 



t Willioma. p. 427. 
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NukoTtOTU), or Duke of Clarence, near Fokaafo, was seen 
only from shipboard. 

Oata/u, or Duke of York's, is in some parts fourteen feet 
high. Elevation iwo or three feet. 

Enderhy's and Bimie's, still farther north, are twelve feet 
high. Judging from the double slope of the beach on En- 
derby, this island may have undergone an elevation of two 
feet, the height of the upper slope ; yet we think it doubtful. 

Gardner 8, Hull, SyJne^i, and Newmarket, were visited by 
the Expedition, but no satisfactory evidences of elevation on 
the first three were observed. The last is stated by Captain 
Wilkea to be twenti/-five feet in height. 

h. Feejee lelande. — The proofs of an elevation of four 
to six feet about the larger Feejee Islands, Viti Lebu and 
Vanua Lebu, and also Ovalau, are given in our report on 
this group. How for this rise affected other parts of the 
group, I have been unable definitely to determine ; but as the 
extensive barrier reefs in the eastern part of the group rarely 
support a green islet, they rather indicate a subsidence in 
those parts than an elevation. 

i. Islands north of the Feejcus. — Home Island, Wallis, 
Elhce, Depeyster, and four islands on the track towards the 
Kingsmills, were passed by the Peacock ; but from the vessel 
DO evidences of elevation could be distinguished. The first 
two are high islands, with barriers, and the others are low 
ooral. Rotuma (177° 15' E., and 12° 30' N.), is another high 
island, to the west of Wallis's. It has encircling reefs, but 
we know nothing as to its changes of level. 

k. Sandwich Islands. — Oahu affords decided proof of an 
elevation of twenty-five or thii'ty feet. There is an impres- 
sion at Honolulu, derived from a supposed increasing height 
in the reef off the harbour, that the island ia slowly rising. 
Upon this point I can offer nothing decisive. The present 
height of the reef is not sufficiently above the level to which 
it might be raised by the tides, to render it certain, from this 
kind of evidence, that tiie suspected elevation is in progress. 

Kauai presents us with no evidence that the island, at the 
present time, is at a higher level than when the coral reefs 
begun ; or at the most, no elevation is indicated beyond a 
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JUoUttcai, aetxmling to iiifm—lim fras ti» Ber. Mr A»- 
drswi, liAi c(«al npon its dtcfintieK tkne ksadied fed 
abov« tbe ms. The sune gr ■*!«■■■ imfbmed lu, tbu 
OS the wesLem peniosula of JVom, e«nl oecors in Wdw 
place* Mf^t hundred feet abcnre the ae»: and specniena of 
wfetl-defiaed eoral were obtained at a bei^t of five hundred 
feet. These isUndfl were not *i»ted by the writer. 

With regftrd to Mohkai, Mr AndreirB infarmed tbe aathor 
that the cciral occurs " cpon tbe acclivitj of tbe e«atem or 
higbeit part of the isiand, orer a surface of more than twent.r 
or thirty acres, and extends almost to tbe sea. We had 
taeaoM of accnralely mcasunng the height; but the s| 
mens were obtained at least three hundred feet above 
l«rel of the sea, nod prubably four hundred. The 
hav« diNtinctly ttie structure of cm^l. The distance irom the 
scft was two to three miles." 

Mr Andrews, who ujipcars to doubt the connection of tbe 
siipjioKMl cural on Mavi with reefs, writes to the author as 
follows:—" In no caseliavel seen the coral in a rocky ledge ; 
it is generally niixod with the lava rock, to which it adheres. 
It has usually tlie appearance of burnt lime ; and thus, large 
stones and rock* Sbeni as tbougii they bad hena whitewashed 
several timen over, and sometimes it amounts to an inch in 
thickueas, or un inch and a half. At other times the wliite- 
wa»h has found its way into cracks in tbe atones. Some- 
Umufl only out) Bide of a stuue is whitened by it, or only a 
comer of it. It is sometimea soft and crumbly, and at other 
times quite lianl ; and again it is mixed with the earth." 
I'Vom this description it appeai-s to resemble the line in crust- 
utioiiM and seams of Diamond Hill, Punchbowl, and Koko 
Uuad, Oahu, which occur at the same height, hut most cer- 
tainly (live no evidence of elevation, as they have proceeded 
boyoud doubt from aqueous eniptions carrying lime in solu- 
Wts of coral, it will be remembered, occur in 
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the tufa of these hills. This evidence trom Maai, should 
therefore be received with great hesttatiou nntil farther ex- 
amined. 

Besides tlie above, there are large masses of coral roek, 
Hceoi'ding to Mr Andrews, along the shores of Maui, irom 
two to twelve feet above high water. Fi-om his descriptions, 
this rock appears to be the reef-rock, like the raised reef of 
Oabu, and is probably proof of an elevation of at least twelve 
feet. 

/. Kingsmill or Tarawan Group. 

Taputeouea or Drutnmond. — This is the sonthern island 
of the group. The reef-rock, near the village of TJtiroa, is 
a foot above low-tide level, and consists of large maaaivL- 
Astreas and Meandrinas. The tide in the Kingsmill seas is 
seven feet; and consequently tbia evidence of a rise might 
be doubted, as some corals may grow to this height wliere 
the tide is so high. But these Astreas and Meandrinas, as 
far as observed by the writer, are not among the species that 
may undergo exposure at low tide, except it be to the amount 
of three or four inches ; and it is probable that an elevation 

I of at least ten or twelve inches has taken place. 

Apia or Cliarloite's hland, one of the northernmost of the 
group, has the reef-rock in some parts raised bodily to a 

I height of six or seven feet above low-water level, evidencing 
this amount of elevation. This elevated reef was observed 
for long distances between the several wooded islets ; it re- 
mbled the south reef of Nairaa in the Paumotu Archi- 
pelago, in its bare, even top, and bluff worn front. An islet 
of the atoll, where we landed, was twelve feet high, and the 
coral-reef rock was five or six feet above middle tide. A 
wall of this rock, having the same height, extends along the 
reef from the islet. There was no doubt that it was due to 
an actual uplifting of the reef to a height of full six feet. 

Nanouki, Kurin, Maiana, and Tarawa, lying between 
the two islands above mentioned, were seen only from the 

[ ship, and nothing decisive bearing on the subject of eleva- 

1 tion was observed. On the north-east side of Nanonki there 
s a hill twenty or thirty feet in height covered with trees ; 

\ but we had no means of learning that it was not artificial. 
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We were, however, informed by Kirby, a sailor takeu from 
Kuria, tbat the reef of Apamania waa elevated precisely like 
that of Apia, to a height of Jive feet ; and this was con- 
firmeil by Lieutenant Dehaven, who was engaged in the sur- 
vey of the reef. We were told, also, that Kuria and Ni 
nouki were similar in having the reef elevated, though to a 
less extent. It would hence appear that the elevations in' 
the group increase to the northward. 

Maraki, to the north of Apia, is wooded throughout. We 
sailed ai-ound it without landing, and can only aay that it hu 
probably been uplifted like the islands south. Makin, the 
northernmost island, presented in the distant view no cer- 
tain evidence of elevation. 

The elevation of the Kingsmills accounts for the long con- 
tinuity of the wooded lines of land, an unusual fact consider' 
ing the size of the islands. The amount of fresh water ob- 
tained from springs is also uncommon (xii., 48). The wear 
from storms would also be greater on islands which have 
lie en elevated. 

m. liadack, Ralick. and Caroline Islands. — No evidences' 
of elevation in these groups are yet known. The very emalli 
amount of wooded land on the Pescadores inclines ua to sus- 
pect rather a subsidence than an elevation ; and the same 
fact might be gathered with regard to some of the islands 
south, from the charts of Kotzebue and Kruesenstern. 

)i. iarfj-oraes.— The seventeen islands which constitute thia' 
group, may all have undergone elevations within a recent 
period, but owing to the absence of coral from the northern, 
we have evidence only with ref;ard to the more southern. 

Guam, according to Quoy and Gaymard, liaa coral rock 
upon its bills more than six hundred feet (one hundred toises) 
above the sea. 

Rota, the next island north, afforded these authors similar 
facts, indicating the same amount of elevation. 

o. Peleim and ndglibounng Islands.— The island Feis, 
three hundred miles south-west of Gfuam, is stated by Dar- 
win, on the authority of Lutke, to be of coral, and ninety feet 
high. Mackenzie Island, seventy-five miles south of Feis, ift' 
iilow atoll, as ascertained by the Expedition. No evidences 

elovatiiin aro kninvn to occur at the Pelews, 
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Udelaneaian Inlands. — Among the New Hehi-ides, New 
" Gal^doiiia, Salomon Islands, the evidencea of elevation have 
not yet been examined. 

The details given on the preceding pages may be pre- 
sented in the following tabular form : — 



Paumotu ArchijiclagQ, 



llervey and Rurutu Groups, 



North a! the Tahitiai 



Eiavsge Island, 
Samoon TelaDda, 
North of Sainim, 



llondc^n, 

Clermont Tonnere, 

Nair9a or Desna's, 

Eliiaboth, 

UfltiBi or Aurora, 

Ducie's, 

Tahiti, 

Bolaboirt, 

Atiu, 



Mangaia, 



RemalDing Islands, 
Washington Island, 
Chriettuas, 
klaiilen, 



IJoi 



Gardner, Doll, Sidney, Newmarhet, 

Feqae lalaods, . Viti Levu and Vanua Leva, Ovalua, oi 



Sandwich latanils, . , liaua 



Eastarn Islands, 
Uurno, Wallis, Ellic< 



Taputeouea, 




Nanoulti, KarJB, Maia 


na,andTaraw 


Apamama, 




ApiaorChariotte. 




Maralii, 
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i'Molinea, , . • , S«"e >» 

lUtohm.' ' ' . . . . Giiam 

;..' ' '" Kota, 

Peli, 

PelovfS, 

Now Hebridn, Mew Cile<toiiiii. rtalmnoii IslanilB, 'Saae ascerduned.^ 

Several deductions are at once obvious :— 

1. That the elevations have taken place in all parts of tho] 
ocean. 

2. That they have in some instances afFected single islands, 
and not those adjoining. 

3. That the amount is often very unequal in adjaceii) 
islands. 

4. That in a few instances the change has been experienced^ 
by a whole group or chain of islands. The Tarawan Group'J 
is an instance, and the rise appears to increase from thtr^ 
southernmost island to Apia, and then to diminish again 1 
the other extremity. 

The Feejeea may be an example of a rise at the west sidel 
of a group, and possibly a subsidence on the east ; while a1 
little farther east, the Tonga Islands constitute another ex-J 
tended area of elevation. We observe that while the So-I 
moan Islands afford no evidences of elevation, the ToDgal 
Islands on the south have been raised, and also the FaJ 
Group, and others on the north. 

We cannot, therefore, distinguish any evidence that I 
general rise is or has been in progress : yet some large areaa^ 
appear to have been simultaneously affected, although thai 
action has often been isolated. Metia and Elizabeth Island! 
raay have risen abruptly ; but tlie changes of level in thea 
Feejees and the Friendly Islands appear to have taken placej 
by a gradual action. 



On some ^ew Points in British Geologij. By Pi-ofeBSor 
Edward Forbes, President of the Geological Society. 
Comnmnicated by the Author. 

Not many years ago it used to be said that the geology of 
England was done, and yet the best investigated localities are 
constantly affording fresh discoveries. When the lecturer 
last year exhibited Captain Ibbetson'a beautiful and accurate 
model of Whitecliff Bay in the Isle of Wight, in illustration 
of his views respecting the distribution of species in time, he 
had not the slightest suspicion that this particular locality, so 
often and apparently so thoroughly explored, could yield new 
results and new interpretations. Nevertheless, having had 
occasion, at the suggestion of Sir Henry De la Beche, to ex- 
amine the tertiary strata of the Isle of Wight for the purposes 
of the Geological Survey of Great Britain, this very bay of 
Whitecliff p raved to be a rich source of novel geological iufor- 
mation. Moreover, a great portion of the Isle of Wight, on 
further examination, turned out to belong to a division of the 
older tertiariea that had never been demonstrated to exist 
within the British Islands. As a general statement uf these 
results and of their bearings may be more intelligible to non- 
professional lovers of geology than the detailed memoirs about 
to be published on the subject. Professor Forbes has taken 
this opportunity of communicating them to the Members of 
the Royal Institution. 

The Isle of Wight is divided into two portions by a great 
chalk ridge running east and west. This is the ridge of ver- 
tical chalk beds. To the north of it, the country is composed 
of tertiary, to the south, of older strata, as fur down in the 
geological scale as the Wealden. The lower Greensand or 
Neocomian beds occupy the greater part of the surface of the 
southern division, and fresh-water tertiariea that of the north- 
At Alum Bay on the west, and WhitecliJf Bay on the 
east, the ends of the older tertiary strata, as they rise above 
the chalk, are seen truncated and upturned, being all affected 
by the movement which caused the vertieality of the chalk, 
These tertiaries constitute the following groups, successively 
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enunterated in ascending order, the Plastic clay, the BogaoV^ 
SCTies (equivak-ntsof'tiie tme London clay), tie BrackleabaiA 
series, and the Barton series, upon which lie the Headoa Hiil 
sands, and those fresh-nater strata that, spreading out, form 
the gently andulatiog country, extending from near the baBe 
of the chalk ridge to the sea. 

Owing to the section at Headon Hill, near Alam Bay, behi^ 
so clear and conspicuous, and their position being in the \otiiest 
tertiary hill that exhibits its internal structure in the island, 
the fresh-water and fluvio-marinebeds which compose that ele- 
vation have long attracted attention, and have been described 
by many ohservers, the first of whom was the late Professor 
M''ebBter. The apparent slight inclination of these beds, as 
seen in the Headon section, except at the point where they are 
suddenly curved in conformity with the verticality of the chalk 
and the beds immediately above it, appear to have led geolo- 
gists to the notion that the fluvio-marine portion of the Isle 
of Wight was composed entirely of continuations of the beds 
forming Headon Hill. Two observers only suspected a dis- 
crepancy, viz., Mr Prestwich, who in a short communicatioa ] 
to the Brilish Association at Southampton, expressed his be-, 
lief that Hempstead Hill, near Yarmouth, would pi-ove to h 
composed of strata higher than those of Headon ; and tli« 
Marchioness of Hastings, who, having given much time to thcj 
search for Uie remains of fossil vertebrata in the tertiaries of tlw 
Isle of Wight and Hordwell, declared her conviction thattho6 
remains belonged todistinct species, according as they wereo* 
lected at Hordwell, Hempstead, and Ryde, and that these tbree~l 
localities could not, as was usually understood, belong to the 1 
same set of strata. The recently published monograph o 
pulmoniferous molluscs uf the English eocene tertiaries, by- j 
Mr Frederic Edwards, afforded also indications of the shetla j 
therein so well desciilied andfigured having been collected in . 
strata of more than one age. 

A few days' labour at the west end of the island convinced 
Professor Forbes that the surmises alluded to were likely to 
prove true, and that tlie structure of the north end of the 
island had been in the main misunderstood. After four months' 
constant work at both extremities, and along the intermediate _ 



some JVeui Points in BrilUh Geology. 265 

country, he succeeded in making out the true saecessioii of 
beda, with most novel and gratifying reauUs. Buring this 
work he was greatly aided by his colleague, Mr Briatow, and 
by Mr Gibba, an indefatigable and able collector attached to 
tlie Geological Survey. 

The fresh-water strata of Whitecliff Bay proved to be en- 
tirely misinterpreted. Instead of being constituted out of the 
Headon Hill strata only, more than a hundrtd feet tliickneas 
of them are additional beds characterized by peculiar fossils, 
and resting upon a marine stratum that overlies the Bern- 
bridge limestone, the equivalent of which at Headon is a soft 
concretionary calcareous marl, scarcely visible except in holes 
among the grass immediately under the gravel on the sum- 
mit of the hill. 

The beds of the true Headon series, in fact, are all included 
in tlie sub-vertical portion of the Whitecliff sections, and are 
there present in their full tliicknesB. They are succeeded by 
peculiar strata of intermediate character, for which the name 
of St Helen's beds is proposed, and which become so im- 
portant near Ryde that they constitute a valuable building 
stone. The Bembridge limestone that lies above is the same 
with the Binatead limestone near Ryde, out of which were pro- 
cured tlje remains of quadrupeds of the genera Anoplothe- 
rium, Pttlreotherium, &c., identical with those found in the 
gypsiferous beds of Montmartre. The Sconce limestone neai- 
Yarmouth is also the same, and none of these limestones are 
identical with any of those conspicuous among the fluvio- 
marine strata at Headon Hill, and with which they have 
hitherto been confounded. They are far above them, and are 
distinguished by distinct and peculiar fossils. 

Almost all the country north of the chalk ridge, exclusive 
of the small atrip occupied by the marine eocenes, is composed 
of marls higher in the series than any of the Headon Hill 
beds, and hitherto wholly undistinguished, except in the 
Whitecliff section, where the age and relative position had 
been entirely miatalcen. These are the Bembridge marls of 
Professor Forbes. Above them are still higher beds pre- 
served only in two localities, viz., at Hempstead Hill, to the 
west of Yarmouth, and in the high ground at Parkhurst, 
For these the name of Hempstead series is pi-oposed. Their 
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characteriatic fossilB are very diatinct, and tbe highest lied ot ' 
the series ib marine. These beds prove to be identical with 
the Limbuvg or Tongrieii beds of Belgium and with the Grea 
de Fontainebleau series in France, We thuB get a definite 
horizon for comparison with the Continent, and are enabled 
to shew, that instead of our English series of eocene ter- 
tiaries being incomplete in its upper stages, as compared with 
those of France and Belgium, it is really the most complete 
section in Europe, probably in the world. We are enabled 
by it to correct the nomenclature used on the Continent, and 
to prove that the so-called lower Miocene formations of , 
France and Germany are in true sequence with the Eocene 
strata, and are linked with them both stratagraphically and 
by their organic contents. We are also enabled to refer, with 
great probability, the so-called Miocene tertiaries of the Medi- 
terranean basin, of Spain and Portugal, — those of the well- J 
known Maltese type — to their true position in the series, and ill 
to place them on a horizon with the Tongrien division of the f 
Eocenes. As these Maltese beds are unconformable, and evi- j 
dently long subsequent to the deposition of the great nummu- 
Irtic formation, we are enabled to assign an approximate limit 
totheestimateof the latest age of that important series. From 
well-marked analogies we get at aprohable date even for the,. 
Australian Tertiaries. Thus the deciphering of the true struc- 
ture of a small portion of the British Islands can throw fresh , 
light upon the conformation of vast and far apart regions. 

The peculiar undulatory contour of the surface of thefluvio- 
marine portion of the Isle of Wight is due to the gentle rol- 
ling of these beds in two directions, one parallel with the , 
strata of the chalk ridge, and the other at right angles to it. 
The valleys and hills running northwards to the sea depend i 
upon the synclinal and antecUnal curves of the latter system of 
rolls, a fact hitherto unnoticed, and the n on -recognition of 
which has probably been one cause of the erroneous interpre- 
tation of the structure of the Isle of Wight hitherto received. 
The truncations of these curves along the coast of the Solent 
exhibit at intervals beautiful and much neglected sections, 
' ell worthy of careful study. There is one of these sections 
lie.,. Osborne. Her Majesty's residence stands upon a geo- 
togn.7,1 foniiattoti liithortu unrecognized in Britain. Near 
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West Cowes tliere ore several fine sectiona along the shore. 
The total thickness of unclassified strata in the Isle of Wight 
is fouv hundred feet, if not more, and within this range are 
at least two distinct sets of organic remains. The fluvio- 
mariDe beds in all, including the Headon aeries, ai-e very 
nearly six-hundred feet thick. 



On ihe question whether Temperature determines the distri- 
bution of Marine -Species of Animals in depth. By JAMEa 
D. Dana, Esq. 

It is a question of much interest, how far temperature in- 
fluences the range of zoological species in depth. From a 
survey of the facts relating to coral zoophytes, the anthor ar- 
rived at the conclusion that this cause ia of hut secondary 
importance.* After determining the limiting temperature 
bounding the coral-reefseas, and ascertaining thedistribution 
of reefs, it was easy to compare this temperature with that 
of the greatest depths at which the proper reef corals occur. 
Thia depth is about 100 feet, now the limiting temperature, 
68°, ia reached under the equator at a depth of 500 feet, and 
under the parallel of 10° at a depth of at least 300 feet. 
There must therefore be some other cause besides tempera- 
ture ; and this may be amount of pressure, of light, or atmo- 
spheric air dissolved in the waters. 

Professor Forbes has remarked that the deep sea species 
in the jEgeanh ave a boreal character •,'\ and Lieut. Spratt has 
ascertained the temperature at different depths,^ and shewn 
that the deep-sea species are those which have the widest 
range of distribution, most of them occurring north about the 
British shores, or north of France. Yet is it true, that the 
species which occur in deep water in the jEgean are found in 
shallow waters of like temperature about the more northern 
coasts? If so, Lieut. Spratt's conclusion, that temperature 
is the principal influence which governa the distribution 
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of marine fauna in depth as well as in latitudinal distribunoB^ 
will Btand aa true. Bat we believe tbat faets do not tear oift 
this conclusion ; deep-sea species live in deep seas in both 
regions, with but little difference in the depth to which they 
extend. They are boreal in character, when of Mediterranean 
origin, because they are cold-water species ; and their wide 
diatribntion is because of the wide range of temperature fo^ 
which they are fitted, rather than tlieir fitness to endure I 
given temperature which they find at considerable depths 1 
the south, and near the surface to the north. 

As this point is one of much importance, we have run ovM 
the recent tables of dredging by Professor E. Forbes, in th( 
.^gean and about the British Islands,* to see how far it IS'" 
borne out ; and we add other results by R. Macaudrew, 
Esq., at Vigo Bay, Portugal, Gibraltar, Malta, Pantellaria, 
Algiers, and Tunis-I" 





North =( 


Sourb „l 








UAL^ 






STOily.4 


M 


Tie- B-i- 


BlbalU, 


£,«.». 


"n^^" 


Ji'RT^ 


CDrbuJn nudeui . . 
















»-H« 


a'-M 


i-M 


B-SO 


7°-80 


■e'flo 


a-U 










■ao 










Sulen peUucidu* . . 


7'tllo 








■-W 


'? 




■u 
















■B{ 


BO-40 






TellliiiLdQMcina . . 
















JO- 


Mncira iubtruncata . 


0-1 a 




30 » 


6-1 B 










Lairaria elllpUoa , 


















Cjtlif™ cbioUB . . 


















Venosoiita . . . 






















1 










O'SO 




















(I- 


ArMinis Uncto . . 
CBrattim cchLmtum 


0-100 


[ 


50 


Low mUr 


-8 












LihIbII flKIDOIB . . 


















LBSln. .plniftn. . . 










ifi-'sj 






■IE 


KeUtowborWciilsri. 


















ModioU talipB . . 


















MndHiU barbdtfl . . 
















e-s 


Ares tttamoDB , , 


le-eo 












as'so 




Aroilactini . . . 




































NncuUnldto . . 
















e-s 


Nucula nuGlcus . . 












i'ii 






Lima iiibauri™ lata . 










-B5 








PmUo eimllia . . 








'-901 








•an 


Pecton inniimus . . 














35-M 


6-8 




i-iou 




SO 






lo'-Vo 




-ae 


PeclQD Tiriai . . . 


BSO 














-t» 


Anomla aplupplun. . 


o-ao 


■BO 


-10 




!040 


M-fiO 





* Rep. Brit. Amoe, 1843 ; nnd On Britiph Marine Zoology, Ibid., 1800, p 192, 
t ll.id.. p. 2G4. 1 Not fqund living at the itpth Bl«ted, ' 



Dietrtbulion of Mamie Species. 269 

The great care and thoroughness of Professor Forbes'a re- 
searches, aod those also of Macandrew, give peculiar weight to 
the conclusiouB, Those species are taken from the tables 
which are common to these several regions, and with regard 
to which the observations are free fi*om doubt ; and we have 
confined the list to the Ace/yhalous Molluscs, as these appear 
to be sufficient to test the law under discussion. The depth 
is given in fathoms. 

It should be observed that, to carry out the theory, the 
species should he confined to shallower waters to the north 
than to the south. 

To compare fairly this table, it should he noted that the 
dredging at the Shetlands, Orkneys, and north of Scotland, 
was carried to a greater depth than about southern England, 
fifty fathoms being the limit in the latter region, as the 
waters are shallow. Making this allowance, we are still 
struck with the great depth to which the species penetrate at 
the most northern locality, instead of the small depth. Out 
of the twenty-one species which are here mentioned as oc- 
curring in northern Scotland or the Shetlands, and the 
.^gean, fourteen oi' fifteen descend to a greater depth in the 
former than in the latter ; and nearly all the species common 
to the north and south extremities of the British Islands, are 
reported from the deepest waters at the north. Of the ob- 
servations made at Vigo Buy, Malta, Pantellaria, Tunis, 
Algiers, and Gibraltar, there is but a single example among 
the above species of a greater range in depth than occurs in 
the noi-themmost locality examined. The dredging in the 
Mediten-anean by Macandrew was not carried to as great 
depths ; yet even allowing for this, the facts are not a little 
remarkable. 

Now, the temperature in the ^gean during the wanner 
months, according to Lient. Spratt, is as follows. 
At the surface, !&" to 84". 
10 fathoms, Sfldom below 74° in the summer. 



20 



G2 



55 to 55^ 
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The temperature of the waters oear soutbem Englwnd 
summer is 62", and near tbe Slietlanda 55% or less. Conaiv 
quently tbe surface Bummer temperature of tJie British Chan- 
nel 15 not found in the ^gcan at a less depth than thirty- 
five fathoms, and the surface summer temperature of the 
Sbetlanda is the temperature at one to three hundred fathoms 
in the jEgean ; and still species that range to a depth of one 
hundretl fathoms about northern Scotland, are found within 
thirty fathoms of the surface in the JEgean : that is, where tbe 
summer temperature is 74° or more. Such facts shew tbe ha^ 
dinesB of the species in enduring great ranges in temperaturtti 
We must therefore conclude that it is not temperature aloni 
or mainly, which determines tbe depth to which species mi 
live. It exerts an influence, and species fitted for cold watci 
may be found in the deeper seas where such waters occi 
But the limit of descent depends on other influences. 

Looking at this table in another way, we See, as recogniz^ 
by Professor Forbes, that species which occur at or near thi 
surface in northern Scotland, are generally met with onl^ at 
greater depths in the Mediten'anean ; that is, the minimum 
depth is less in tbe former case than in tbe latter. Thus Cor- 
bula nucleus has for its minimum depth in the Mediterranean 
six fathoms, and in tbe nortliei'n regions three fathoms, 
Peammobia ferroensis has ten fathoms for the former, and 
three for tbe latter. Other examples will bo found in thd 
above table, sufficient to illustrate the principle, althongH 
many exceptions exist. Thus species that have a range ot 
one hundred fathoms beyond Scotland may have tbe same id 
the Mediterranean, except that in many cases they do not reaxSi 
as near tbe surface, where the waters arc warm. 

The Crustacea of the same seas illustrate this subject in a 
similar way ; but the observations upon them have been 
made with less thoroughness, and we have therefore confined 
our discussions to Molluscs.— (American Journal of Sclenai 
CLvd Arts, vol. XY., 2d series. No. 44, p. 204.) 
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On the idenlitif of a Colouring Matter present in severtit 
Animals with the Chloropkyle of Plants. Ey M. MAX. 
ScHOLTZE of Greifswald. 

The autbor enumeratea several animals of a green colour 
which are conimoQ in ditches and marshes — such as Hydra 
viridis, Bcveral green TurbellaricB, Vortew viridis, Mesosto- 
mum viridatum, and Derostomum ccEcwm; and also several 
green ijifusot'ia, such as Stentor polymorphus, Ophrydium 
versatile, Bursaria vtrnolis, &;c. The colour in these animals 
is afforded by minute green globules, about 0-016 inch in dia- 
meter, which are situated under the integument in the par- 
enchyma of the animals. They are perfectly spherical, and 
exhibit within the green substance an extremely minute, 
colourless, and homogeneous nucleus ; or they may consist of 
several minute green globules, grouped together in a mul- 
berry form ; in this latter case they arise from tlie division 
of a homogeneous vesicle. 

This green colouring substance is not altered by dilute acids 
or alkaline solutions ; by which it is distingnished from the 
green colouring matter of several Algte, which, accoi-ding to 
N^geli, is changed into a yellow, orange, or red by the same 
re-agents. Concentrated sulphuric and muriatic acids dissolve 
the colouring matter ; the solution is of a beautiful green or 
bluish-green colour, unchanged by the action of heat ; it is also 
dissolved by a concentrated solution of potass, by ammonia, 
alcohol, and ether, the colour precisely resembling that of a 
solution of chlorophyle. 

Its development, alsn, is influenced in the same way as 
that of a vegetable chlorophyle by light; but animals con- 
taining it do not evolve oxygen, and the author thence con- 
eludes that the evolution of that gas is not solely dependent 
upon the chlorophyle in plants. 

In Vortex viridis, the minute green globules, owing to 
their mutual compression, assume an hexagonal form — tbe 
green compartments thus formed are separated by an inter- 
stitial colourless substance. The existence of a colourless 
membrane around each green vesicle may thence be deduced. 
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This fact is further demoostrated in veBicles, the | 
matter of which only partially fills the globular cavity. 

With respect to the chemical composition of the mem- 
brane and of the nucleus of the vesicles in Vortex inrtdis, 
the results of the author's researches are limited to the fol- 
lowing facts : — The solutions of potass and of amruonia, and 
sulphuric acid, after the extraction of the colouring matter, 
cause the membrane to swell out. in which the nucleus can 
no longer he recognized. The membrane becomes pale and 
finally disappears entirely, but especially so long after boil- 
ing. Acetic and chromic acids and alcohol do not a£fect timJ 
membrane and the nucleus. By solution of iodine the vesidql 
ia coloured brown, the nucleus becomes more distinct, Irai * 
its colour is unaltered. It cannot, consequently, be assi- 
milated to the nucleus of the vegetable cblorophyle vesicle, 
which mostly consists of amylum. — {The Quarterly Joun 
of Microscopical Science, No. iv., July, p. 278.) 



On tlie Classification of Rocks. By M. Dumont. 

In this communication M, Dumont proposes a distributii 
of rocks and mineral deposits generally into three classc 
according to the mode of their formation, and the u» 
word Get/serian as a designation for the third of these classj 

The chemical, as well as tJie physical, study of the crc 
of the earth, is now beginning to engage a portion of tba 
attention which for some years has been almost exclusive^ 
devoted to palseontology ; nor can it be doubted that inqniriei 
which may hereafter enable the geologist to explain both t 
physical and chemical condition of the earth's crust, are ne^ 
ceasary to a right understanding of the past history of v 
successive changes. M. Dumont appears to feel this, whej 
he suggests the threefold division of the rocks and strsitl 
of the earth above mentioned, and the adoption of a oev 
designation for one of them. He observes that the ten 
Neptunian and Plutonian cannot embrace all the forma] 
mineral deposits. The term Neptunian naturally comprijs 
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air sirfttified deposits which have been formed under the 
action of external causes, and Iiave therefore been called by 
Humboldt exoffenee. They have been produced generally 
under theinfluence of water, exhibiting phenomena of a me- 
chanical, chemical, or physical nature, and often containing 
the relies of organic bodies. Such strata, which are quart- 
zose, slaty, clayey, calcareous, dolomitic, or carbonaceous, 
and are either laminated, compact, sandy, conglomeratic, or 
organic, sometimes appear nearly in the condition of their 
origmal deposit, and sometimes in a state of great alteration 
consequent upon the action of internal causes subsequent 
to their deposition, a change in consequence of which they 
have been designated Metamorphic. The term Plutonian 
comprises those rocks which have been produced by igneous 
action from internal causes, and have been therefore called 
by Humboldt endogenes. Such rocks are crystalline, and 
sometimes cellular, are feldspathic, and appear either in 
masses or have been erupted, like lavas, in streams. 

By the term " Geyserian" M. Dumont proposes to desig- 
nate those rocks which, though, like the Plutonian, they have 
been produced by causes acting from within, have not, like 
them, been fused by lieat, but have been formed by either 
aqueous or gaseous emanations. The Plutonian, in fact, 
have been formed like lavas, the Geyserian like sublimed 
sulphur. Geyserian rocks are metalliferous, rarely feld- 
spathic, are confusedly crystalline, concretionary, or cellular, 
and exhibit a very different aspect to that of the Plutonian. 
On the other hand, though sometimes conglomeratic or com- 
posed of transported materials, and formed under the in- 
fluence of water, they are distinguished from the Neptunian 
by their want of stratification, by the metallic and mineral 
substances they contain, by the absence of organic remains, 
by a crystalline or concretionary structure, and especially by 
their mode of formation. 

Such are the views of M. Ihimont ; and although, as he 
states, it may be sometimes difficult to draw the line of limi- 
tation between rocks of these various modes of formation, 
and the Geyserian may appear involved in, and subsidiary, 
sometimes to the Plutonian, sometimes to the Neptunian, it 
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is certainly desirable that tbe geologist should feel and a,dmit 
that igneous fusion alone, as supposed to be recognised in 
Plutonic rocks, or the ordinary action, whether mechanical 
or chemical, of water, as recognized in Neptunian rocks, 
cannot explain all the phenomena of rock formaUons and of 
mineral veins ; whilst the term " Geyserian" sufficiently ex- 
plains the nature of the other actions, M. Dumont considers 
to have shared in the production of the general effects 
served. — {Quarterly Journal of the Geological Society, 
U., No. 35, p. 25.) 



Causes of Phospluyrescence. 

It is well known that the waters of the aea, i 
tudes and under certain circumstances, are phosphorescent; 
producing a hght more or less brilliant. This remarkable 
phenomenon has always attracted the attention of travellers, 
and various have been the explanations they have offered. 

Ehrenberg sums up, in the following manner, the imj 
ant results of his labours : — 

1. The phosphorescence of the sea appears to be owi 
solely to organized beings. 

2. A very great number of organic and inorganic 
shine in the water and out of the water in different ways. 

3. There is also a light from organized bodies, whicli 
probably owing to vital action. 

4. The active organic light shews itself frequently 
the form of a simple flash, repeated from time to time, S] 
taneous or provoked. Often also it appears under the 
of repeated sparks, following each other in quick succes! 
under the influence of the will, and very similar to electr) 
sparks. Often, but not always, there is formed by this pi 
dnction of sparks, a mucilaginous humour, gelatinous 
aqueous, which is diffused around in great abundance, an< 
evidently placed in a secondary or passive state of 
phoreseence, which continues a long time without reqi 
any new influence from the organic being, and even lasts 
that has been divided or destroyed. 
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A light wliicb, to the naked eye, a|)pears nniform and tran- 
quil, shews itself acintillating under the niicro3cope. 

5- The viscous humour which envelopes and penetrates the 
ovaries, seems to be especially susceptible of acquiring this 
communicated light, which is constantly reinforced by fric- 
tion, and reappears even when it seems to have ceased. 

May not the light emitted by living fishes, by Actinias, and 
by many other animals covered with mucosity, be sometimes 
merely communicated. 

6. The relations which exist between the production of 
light and the sexual functions are evident in the Coleoptera, 
although the connection of the small luminous sacs with the 
reproductive organs may remain concealed. With many 
marine hermaphrodite animals, phosphorescence appears to 
he a means of defence and protection analogous to those of 
another kind which exist in the Brachinus crepitans, the 
cuttle fish, the frog, or to the discbarges of the torpedo. What- 
ever it may be, the air and the sea have their phospbores- 
eence. 

7. As yet it is only among tbc Annelids, and of them only 
in the Photocharis, that a peculiar phosphorescent organ ban 
been discovered ; it is external, tufted, frequently giving out 
light, similar to a thick ciiTus, shewing a largely cellular 
structure, and formed within of a mucilaginous substance. 
The expanded base of the marginal cirri in the Thaumantias 
(Acalephs) may be regarded as phosphorescent organs of an 
unusual kind- The ovaries are more probably luminous, pas- 
sively, and in a secondary manner, although their minuteness 
and transparency have prevented our ascertaining whether 
the organs of phosphorescence are placed near them, as for 
instance in the Polynije and Pyrosoinas. 

8. The production of light is evidently a vital act, very 
similar to the development of electricity ; an act which, being 
completely individual, becomes more feeble, and ceases on 
too frequent repetition, which reappears after a short in- 
terval of repose, to the production of which, absolute in- 
tegrity of the organism is not necessary, but which some- 
times manifests direct connections only with the i 
aystem. 

s2 
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Tlie memoir of Meyen is less extended, but 
some important facts.' The author admits three kinds of 
phospboroscencc ; 1. The phenomenon is owing to a mucosity 
diffused in water. In that case, the water seen in the day 
has a uniform tint of bluish-white. It is often observed in 
tropical parts, but rarely out on tlie open sea. This mode 
of phosphorescence may be produced artificially by washing, 
or by crushing certain molluscs and acalephs either in 
water or in fresh ; 2. Phosphorescence results from 
presence of certain living animals, endowed with a luminooB 
mucus. This continues even after the death of the animal : 
it arises from a superficial oxydation of the mucous coating, 
and it can be reproduced after it seems extinct by passing 
the finger over the animal. The animals which owe their 
luminous property to a secretion are, according to the author. 
Infusoria, Rotifera, Biphor^, Medusie, Asteria, Cuttle fish, 
Sertularice, Pennatulrc, Planarice, Crustacea, and Annelids: 
3. The third cause of phosphorescence is in some animals 
from tlie presence of one or more special organs. Of tliia 
number are the Pyrosoma, and especially P. Atlantica, 
whose light of a greenish blue is very brilliant. Each indi- 
vidual carries behind its mouth a soft opaque substance of a 
reddish brown colour. This body is slightly conical, and 
under the microscope thirty or forty red points my be seen ; 
it is this substance which produces the light. — (Amej 
Journal of Science and Arts, vol. xv., No. 44, 2d Sei 
p. 202. 



Dr Daubeny and Professor Bunsen of Heidelberg o 
Volcanoes. 

TIkiko who have taken the trouble of perusing my v 
on VolcanooB, and especially the second edition of it, pti] 
liahpil in IMIK, will recollect, that in bringing forward 1 
tlicory which m^j' be regarded as a revival, or perhaps a i 
volopiniiiit, of the original hypothesis of Sir Humphry Da] 



• Octtroiga »ur Zoologie, von J. P. Meyen, fiiiiftB AbhanJluDg. UaberJi 
liOuehWn iltN Msorrn. (Nov. Act. Nat. Ar., t, ivi., Suppl., 1834.) 



Remarks on Volcanoes. 

mj profeased object principally was that of enlisting the ser- 
vices of eliemists in an attempt to elucidate a aeries of phe- 
nomena, which, although eaaentially chemical, had been 
hitherto, in a great degree, abandoned to geologists. 

Indeed, since the time when Gay-Lusaac pnbliahed liia 
"Remarks on Vesuvius," and that at which Sir Humphry 
Davy paid a cursory visit to the same spot, no chemist of 
European reputation appears to have made volcanoes a sub- 
ject of study, excepting Abich, to whom we owe the first 
lucid sketch of the chemical relations which volcanic and 
plutonic rocks bear to each other ; and Professor Bisehoff of 
Bonn, whose researches were, however, confined to extinct 
volcanoes, such as those of the Rhine and Eyfel. 

Hence it is not to be wondered at, that the subject should 
be treated as though it were exclusively a mechanical pro- 
blem, and theorized upon without any dae appreciation of 
the interesting chemical phenomena which it presents to oar 
notice. 

It was this consideration more especially which led me, in 
my work on Volcanoes, to give a prominence to those points 
which appeared to have been unduly neglected by others ; 
and to advocate with more zeal than I might otherwise per- 
haps have felt inclined to do, a theory which necessarily 
brought before ua the nature of the gaseous, saline, and 
crystalline products which proceed from the internal focua of 
its action. 

That this was my object, will appear from some remarks 
which I made fifteen years ago, in my "Report on Mineral 
and Thermal Waters," undertaken at the request of the Bri- 
tiah Association for the Advancement of Science, and pub- 
lished in their Transactions : 

"We ought,'" I observed, '■ carefully to distinguish between 
that which appears to be a direct inference from observed 
fact, and what can at most advance no biglier claim than that 
of being a plausible conjecture. The general occun-ence of 
volcanoes in the neighbourhood of the sea, and the constant 
disengagement of aqueous vapour, and of sea-salt from their 
interior, are fact^that establish in my mind a conviction that 
water finds its way to the seat of the aqueous operations. 
almost as complete, as if I were myself an eve-witncss of an- 
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other Phlegethon, discharging itself into tfae bowels of th« i 

earth, io every volcanic district, as in the solitary case of 

Cepbalonia. 

" Nor is the access uf atmospheric air more questionable 
tbao tliat uf water ; so that the appearance of hydrogen united 
with sulphur, and of nitrogen either alone or combined witb 
hydrogen at the mouth of the volcano, seems a direct proof 
that oxygen has been abstracted by some process or other J 
from both. M 

" Having satisfied our minds with regard to the fact of in- i 
ternal oxidation, we naturally turn to consider what prin- 
ciples can have existed in the interior of the earth capable of 
abstracting oxygen from water, as well as from air ; and this 
leads us to speculate on the basis of the earths and alkalies, 
as having been instrumental in causing it. But in ascribing 
the phenomena to the oxidation of these bodies, we ought 
not to lose sight of tlie Baconian maxim, that in every well-- 
established theory, the cause assigned should be not onljra 
competent to explain the facts, but also hiovm to have a realm 
existence, which latter circumstance cannot, of course, be 
affirmed of the alkaline and earthy metalloids, as having a 
place in the interior of the earth." 



I should not despair of being able to shew that Booh 
hypothesis is still tenable ; but it will be more profitable 
the present occasion, as well as, I doubt not, more agreeable 
to my hearers, for me to point out the substantial additions 
which Professor Bunsen has supplied to ourliDowledge of thiS' 
class of phenomena. 

He has, in the first place, proved that the prodoota 
volcanic action — at least as they display themselves in thi 
vast/ocMS of internal energy which we observe in the island 
of Iceland — consist only of two kinds of material : either 
a traohytie rock, consisting of a ti-isilicate of alumina, con- 
joined with a similar compound of silica, with an alkali 
OP alkaline earth ; or else an augite rock, in which one 
atom, only, of silica, is combined with two atoms either of 
alumina, protoxide of iron, lime, magnesia, potass, or 

Bunaen boa given a formula by which the proportion be-j 
tween these two constituents in any given rock may be readilj 
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computed ; and hence concludes, that the products of volcanic 
action in Iceland, are derived from two iDdependent/oui, 

But the moat interesting part of his researches relates to 
the changes which have been wrought upon these materials 
by causes of subsequent operation. 

Few of the friends I see around me are old enough to have 
witnessed the contests which for many years were waged 
with so much fury between the advocates of the igneous and 
aquous origin of basalt. 

In this controversy much stress, I recollect, was laid by the 
Wernerians on the characters of trap tuff, which, it was con- 
tended, could by DO means admit of being referred to the 
action of beat, whilst its passage into trap rocks rendered it 
difficult to ascnbe to the one an origin which was denied to 
the other. 

Now, Professor Bunsen has, in the first place, beautifully 
shewn that the species of tuff which prevails in Iceland, and 
which is also abundant in Sicily, as is implied by its name 
Palagonite, derived from the village of Palagonia, at the base 
of Etna, possesses such a chemical composition as identifies 
it with the pyroxenic rock of the neighbourhood. 

He has also succeeded in explaining those differences in 
structure and in appearance, which, in spite of this corre- 
spondence in the nature of its constituents, stamp it as a dis- 
tinct mineral ; having traced such alterations to the operation, 
not Indeed of water alone, but of an alkali or an alkaline earth, 
containing just so much water as to exist in the condition of 
a hydrate, formed in either case by the influence of a tem- 
perature equal to that of ignition. 

The Professor states, that he has actually succeeded in 
converting basalt into palagonitic tuff, by mixing it in a state 
of fine powder with thirteen times its weight of slaked lime, 
or of potass. 

Thus, the very alkali, which may huve been sublimed from 
some internal focus of igneous action, miglit, if water were 
also present, have been instrumental in converting an ordi- 
nary pyrosenic rock into palagonite under the influence of 
heat. 

Another difficulty which beset the Huttonian theory, arose 
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from tiie existence of zeolites in the midat of rocks of sup- 1 
posed igneous formation, as the readiness witb which titesal 
minerals part with their water, seemed inconsistent with tli9 1 
Buppositjon of their originating at a high temperature. 

This was got over hy supposing such minerals to have been 
formed under a pressure sufficient to prevent the water from 
escaping, and hence the Vulcanists were in some cases driven 
to assume pressure where none could be shewn to have ex- ^ 
isted. 

But Bunsen has relieved them from this embarrassment by I 
demonstrating that zeolites may be generated by fusing lime^ 
and silica with an excess of caustic potass, without any pre 
sure at all ; and that by this method crystals may be pro-a 
duccd at a red heat containing water, of which, however, thai 
greater part is disengaged at a temperatm^ not exceeding 
228°, when the substance is detached from the crucible it«| 
which it had been formed. 

Professor Bunsen has also, by a series of decisive expet 
ments, removed all doubts as to the nature of the aerifom 
bodies which are disengaged from volcanoes, and has fully aub4 
stantiated what my own observations, and those which I bat 
collected from various other sources, led me to infer, namelyy 
that inflammable gases, made up either wholly or in part c 
hydrogen, are amongst the most constant concomitants of vol 
canic action in all its various phases. Nitrogen also, ofti 
unaccompanied with oxygen, seems to be ns common in tbn 
fumaroles of Iceland, as I have found it to be in tlie then 
springs of other volcanic regions. 

And with respect to the origin of these gases, Bunsen moB^ 
satisfactorily refutes the idea of his countryman Bischoff, wbffl 
refers them to the spontaneous decomposition or dry distilla- 
tion of organic matters, shewing that when this process takes 
place, nitrogen is invariably accompanied with marsh gas and 
other hydrocarbons which are never present in volcanoes. 

He accordingly expresses his decided opinion that the obi 
lections which have been supposed to be fatal to the old "v ^ 
canic theory of Davy, entirely lose their value after these re- 
sults. " For if," he remarks, " in the spirit of this theory it 
is assumed that tlie lavas, and the phenomena of ignition ac- 
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cnmpanying them, result from an oxidation of alkaline and 
earthy metals, determined by a decomposition of water, it 
admits of being proved, that the quantity of the hydrogen 
evolved from volcanoes, bears a perfect relation to the mag- 
nitude of the streams of lava formed." 

A single one of the vapour springs of Krisuvik yields, ac- 
cording to Bunsen's own calculations, about twelve cubic 
metres of hydrogen in twenty-four hours. 

" Assuming, then, that the remaining innumerable springs, 
together with the large fumaroles occurring there, yield to- 
gether a quantity only 100 times as great, which may safely 
be regarded as far less than the quantity of this gas which is 
actually evolved, we may, by means of this assumption and 
simple calculation, shew that the formation of lava, which 
would be equivalent to such an evolution of gas within the 
period which elapses between two great eruptions, is suffi- 
cient to produce immense streams of lava." 

" Nor is it any longer possible to attach impoi-tance to the 
second of the principal objections which have been made to 
Davy's hypothesis, namely, that it is unusual to observe any 
sensible appearance of flames during great volcanic eruptions. 
For if, from the known composition of the first-mentioned 
fumarole gas, we estimate the temperature of its flame, we 
find it to be 305" 6' ; consequently a temperature which is far 
below the point of ignition of hydrogen. These gases are, 
therefore, combustible only at a red heat, and even under 
the moat favourable circumstances can only ])roduce by such 
B, combustion an increase of temperature amounting to 305° 6', 
which in a red heat must necessarily altogether escape ob- 
servation by the eye." 

Satisfied with having obtained the weighty testimony of 
Professor Bunsen in favour of the facts which I had alleged 
in confirmation of the theory to which I had given my ad- 
hesion, I shall the less regard the opposition that exists be- 
tween my views and his with respect to the source of the 
hydrogen evolved. 

Professor Bunsen derives this gas from the process in which 
pyroxenic lava is converted into palagonite through the 
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agency of the hydrates of tbe alkalies or alkaline earths, j 
assisted by a high temperature, during which, as he 1 
shewn, hydrogen is evolved ; and he even shews that if sul- 
phur in vapaui- be brought into contact with basalt at a high 
temperature, and afterwards steam be passed over the rook 
Bo treated, sulphurous acid is disengaged in tbe tii-st instance 
by the union of the sulphur with the oxygen of the peroxide 
of iron, which metal forms, with another portion of the same 
body, sulphuret of iron : and that sulphuretted hydrogen will 
be emitted in the second instance, owing to the decomposi- 
tion of water, and the union of its hydrogen with tbe sulpbui 
of the pyrites, whilst its oxygen forms, with the metallic pm 
tion, magnetic oxide of iron. 

Supposing the formation of palagonite to be going on at 
all times when sulphuretted hydrogen and pure hydrogen can 
be shewn tu be concomitants of the volcanic action, and on a 
scale commensurate to tbe amount of gas generated, the eX" | 
planation of Professor Bunsen will probably be accepted by 
chemists in general, in preference to that which refers it to ■ 
the decomposition of water by alkaline and earthy metalloida, 
or their yet unoxidized sulphurets ; but I cannot admit, aa a 
valid objection to this latter hypothesis, the absence of car- i 
bonic oxide from volcanic exhalations, of which carbonic acid \ 
constitutes so large a proportion. No doubt the latter woaldi i 
as Bunsen remarks, be partially converted into carbonic 
oxide by hydrogen at the high temperature which probably j 
exists osoanA i\\c focus of the volcanic action; but I hare 1 
always been accustomed to refer the carbonic acid given oSf J 
by volcanoes to the diffusion of heat over contiguous limer j 
stone rocks, and not to processes going on at the point wliers J 
the temperature was most intense. 

Nor do 1 feel quite satisfied with the explanation offere 
by the Professor, of the presence of sal-ammoniac in the lavs 
which he refers to the vegetable matter existing in meadow- 
land overflowed by the molten current. If such were the 
origin of the volatile alkali, we ought not to find it exhaled 
round the orifices of the crater, or from any of the fumaroles 
proceeding directly from the same internal /ocws of action. 

It is not my purpose, however, especially on such an occa^J 
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sion as tho present, to criticise the labours of this eminent 
chemist, or to dwell upon those points in which the results 
of my own humbler inquiries in the same field of research 
may clash with his. It is sufficient for me to have pointed 
out to you his memoirs on the subject of the Iceland Vol- 
canoes, as an important preaent rendered hy chemistry to 
the sister suience of geology ; and as a service, too, which 
those who turn away with indifference from researches of a 
more re6ned nature, lying strictly within the domain of pure 
chemistry, would be likely to accept as an undeniable evi- 
dence of the extensive utility of our pursuits. 

It is, indeed, a fortunate circumstancej in more respects 
than one, when such happy applications of chemical prin- 
ciples to other departments of natural knowledge are carried 
out by those of our brethren who bad before established 
their reputation amongst ourselves by reeeai'ches which 
chemists, and chemists only, are capable of appreciating. 

No geologist, at least, can feel that he has a riglit to im- 
pugn as visionary, conclusions which have been deduced by 
a philosopher, who had before attained the first rank amongst 
experimentalists by his profound and intricate investigations 
into the members of the Cacodyle series ; just as for the 
same reason no candid mind can fail to pay deference to tlie 
suggestions of another of our foreign associates, on questions 
relating to physiology, agriculture, and the like ; knowing 
that before that eminent philosopher had turned his atten- 
tion to these subjects, he had already earned a great name 
amongst chemists, by the success with which he had grappled 
with the most difficult problems in organic chemistry ; and 
by the flood of light which he had shed over a class of bodies 
before comparatively unattractive, owing to the obscurity 
which enveloped their real nature, and the absence of those 
connecting links, the discovery of which hy himself^ more 
than perhaps by any other single individual, has shewn that 
they constitute the parts of one harmonious and unbroken 
series. — {Dr Daub&ay'e Anniversary Addrese to theChemical 
Society of London.) 
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On ike Discovery and Analyeig of a Medicinal Mineral 
Water at Helwdn, near Cairo. (In a Letter to Professor 
Jamesoh, from Leonard Hokner, Esq., F.R,S.L. & E^ 

and r.G.S.) 

I have been for a considerable time in correspondence with 
the Honourable Charles Augustus Murray, H.M. Consul- 
General and Diplomatic Agent in Egypt,* on the subject of 
some geological researches instituted by me respecting the 
alluvial deposits in the Nile Valley which are now in progress. 
In the following letter, dated the 2d of May 1852, he announced . 
to me his discovery of a mineral water, which he believed 
might prove of great value to the inhabitants of Cairo and 
the vicinity. 

" Having heard from my friend, Dr Abbott of Cairo, 
Bomo Arabs had told him of the existence of mineral springs 
near the edge of the desert, on the east bank of the Nile, 
nearly opposite to Memphis, 1 crossed over thither to a village 
called Hclwln, and having obtained a confirmation of the re- 
port from the Schoik of the village, I went out with him, 
accompanied by two men with spades. Not more than two 
miles from the village, in an easterly direction, and about 
one mile beyond the cultivable soil, we came to a small green 
oasis in the desert, betokening the presence of water. On 
approaching it, a strong sulphurous effluvium tainted the air, 
and at the upper edge of the little oasis, I came to the spring, 
bubbling up into a natural basin in the sand, about 5 feet 
long, 4 feet broad, and 3J feet deep. Its temperatui'e, at the 
time of my visit, was 00" Fahr., but the Arabs told me it 
was sometimes much warmer. Judging from the appearance 
and smell, I conceive that the principal mineral ingrediente ■ 
of the water must be sulphur and iron ; but there is a gray-* 
blue film upon the surface, which leads me to imagine th0,fl 
possible presence of iodine. ■ 

" Filling a bottle which I had carefully cleaned, I proceede^l 
in my search in a southerly direction, and found four TaoiA 
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Bpi'ingB, two of them saline, and two sulphureous ; none of 
them, however, so abundant as the first. At one of the latter 
springs I filled a second bottle, and both of them I have sent 
to you by this steamer, in order that you may have them 
analysed. Bottle A is the central spring, B a spring to the 
south, the last but one, a mile and a half from A. 

" About a mile north of A, I came to a small spring very 
much choked with sand, so much so, that in half-an -hour's 
wort with our two spades, I could only get up a kind of black 
mud, of which I have sent you a specimen, in a third bottle 0. 

" Is it not marvellous that the existence of these mineral 
eprings, not more than four hours ride from Cairo, should 
hitherto have been unknown, not only to the numerous scienti- 
fic travellers who have visited Egypt, but also to the Egyptian 
government 1 Only two months ago, the viceroy sent an officer 
to inspect a mineral spring on the eastern shore of the Red 
Sea, with the view of establishing baths there, I anticipate 
the most beneficial results to invalids from the discovery of 
these springs, and I hope the report of your analysing chemist 
will confirm my anticipation." 

On receiving this letter, I wrote to Mr Murray, requesting 
him to obtain some details of the geological structure of the 
counti'y in the immediate vicinity of the springs. " I pre- 
sume, I said, from the short distance they are from Cairo, 
that they must lie near the foot of a range of hills that are a 
continuation of the nummulite limestone of Gebel Mokattam, 
behind Cairo ; and as that limestone contains gypsum, it ia 
desirable to know whether that mineral is found near the 
springs, and also whether there exist any veins or nodules 
of sulphuret of iron, not an unfrequent accompaniment of that 
limestone." Mr Murray afterwards informed me, that he 
had requested M. Hekekyan Bey, the engineer in the service 
of the viceroy, who is conducting the geological researches 
for me above referred to, and whose field of operations is just 
opposite to the Helwan springs, to go to the spot and make 
out a detailed report of the nature of the soil, and collect 
specimens of the adjacent rocks ; and he forwarded to me the 
report of M. Hekekyan Bey, from which I extract the follow- 
ing particulars : — 
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" The lowest strata of the Mokattam run parallel to 
valley of the Nile as far as Maasara, These lower strata 
are capped by layers of limestone, calcareous grit, and ar- 
gillaceous BandstDue containing iron, separated from each 
other by sands, marls, and bituminous shales, containing, all. 
of them, sulphate of lime. Near Helwan, the argil1a«eow 
layers and softer limestones prevail. The summit-lcTel of 
the desert between the Nile and the Red Sea is about thirty 
miles to the N.E. of Helwan. It frequently rains there in 
winter, and torrents precipitate themselves into the Nile by 
channels having beds of clay covered by sand. A large por- 
tion of the water may be detained in basins, natural and ar- 
tificial, and from thence passing between the layera of im- 
pervious clays, through ferruginous and sulphurous shalei 
and sands containing also crystallized gypsum, come out a.t 
Helwan, and at several other places above the HelwSji springs- 
on this side of the Mokattam, and at Aine el Moussa on thfl 
Eed Sea, where there is a warm spring, similai- in quality to 
that at Helwan, The elevation of the springs above the val- 
ley is about 40 feet. From the highest level of the Nile in- 
undations, the ground rises very gently, and for the first mile 
is sand mixed with clay ; this is succeeded by a zone of fiat 
ground, covered at first with a slight crust of saline clay, the 
salt increasing in quantity towards the springs. The plain 
ends at the foot of a very slightly elevated plateau of loose 
dry shales and marls, running nearly horizontally from north 
to south. M. Hekekyan Bey adds, — ' I think there is onljf 
one spring. The temperature of the water felt warm to our 
hands after an exposure of several hours to the burning rays 
of an Egj'ptian sun in the month of June. Sulphurous hy- 
drogen gas rises from the limpid water of the spring. It is 
rather bitter to the taste, and there is something peculiarly 
unctuous to the touch in its deposits, which 1 may compare 
to the white of a raw egg. I perceived no thin plates on the 
water. The supply is considerable, for it is made to water 
, about three or four acres of sedge, used for matting. I pre- 
s'Cffle that the water of the springs, having filled up the lins 
of ho&ws that serve as a reservoir for it, running over, oozea 
down in a westerly direction through a surface-layer of saud 
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and clay, which it is continually impregnating with salt un- 
der the evaporating influence of the sun, Mr Erben, who 
accompanied me, bathed in the spring, andexperienced sen- 
sations of a slight prickly heat all over his body, which lasted 
about half a minute, and his hands retained the odour of vio- 
lets for about ten minutes." 

The analyses were kindly undertaken by my friend Dr 
Hofmann, Professor at the Royal College of Chemistry, who 
gave me the following results of his examination of the con- 
tents of the three bottles, and of a specimen of a rock sent 
along with them. 



1. The bottle marks 
Amoant of fised constituents 
Mineral Oxides. 

Magnesia, 



! " Sout/iern Spring." (B.) 
n the gallon (70,000 grains), 352 grs. 
Mineral Acids. 



Soda, 
Iron, 
Alumi 



quantity. 



J traces. 



Sulphuric acid, 
Carbonic acid, 



1 in largo 
f quantity. 

Hydrochloric acid — trace. 



The water contained free sulphuretted hydrogen 

The water was especially examined for iodine, but none 
was found. However, in order to decide this question in a 
positive manner, a much larger quantity of water would he 
required. 

No definite statement can be made as to the mode in which 
the bases are combined with the acids, without a full quan- 
titative analysis. From the fact, however, that the water, 
when boiled, furnished a deposit of carbonate of lime, it may 
be inferred that it probably contains the following salts : — 

Carbonate of h mo, 1 i ii - i .■ i p i ■ ■! 

Oarbonat. of iron, j ''"''' '" "'""°" '"' ''" '"'''"" '""'■ 

Sulphate of lime. 

Sulphate of magnesia. 

Sulphate of eoda, 

Chloride of sodium. 

Sesquichloride of flluminum — traces. 

2. The boltle marked " Central Spring," (A.) 
Amount of lixed constituents in the gallon (mean of two 
experiments), 444 grains. 
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The constituents of this wat«r were exactly the same as 
those in tiie other water. In addition, a small quantity of 
silicic ucid waH found. The water likewise contained free 
Hulphureticd hydrogen. No iodine conld be found in it. 

In the case of the two waters, it was impossible to perform 
a quantitative analysis, owing to the small amoont of water 
at my disposal, 

3. n<! bottle vnth Sand. (C.) ^| 

This specimen chiefly consisted of cummoa sUiceons flM^| 
mixed with a small quantity of sulphur, arising firom the de- 
composition of the sulphuretted hydrogen by contact with the 
air, and lastly, of a very small quantity of eulpharet of iron, 
which, together with some finelydivided coloured sand, imparts 
tlie dark colour to the water with which the sand is mixed. 
4. The Rock. 

This substance is soluble in hydrochloric acid, with evolu- 
tion of carbonic acid. Only a very trifling proportion of 
silica is left behind. The solution contains chiefly lime and 
magnesia. The rock is therefore a dolomite limestone, in 
which, moreover, traces of sulphate of lime, together with 
common salt, are present. 

A quantitative analysis of the sand and of the rock would 
not have afforded much interest. 

A, W. HOPMAMN. 

For the purpose of obtaining a quantitative analysis of the 
solid constituents of the water, I addressed a letter, in the 
absence of Mr Murray from Cairo, to Alfred S. Walne, Esq., 
Her Britannic Majesty's Consul at Cairo, requesting him to 
send me a concentrated solution, by the evaporation of a con- 
siderable quantity of the water. This he kindly undertook to 
do, but the medical officer of the viceroy, to whom the task 
was confided, unfortunately evaporated the water to dryness. 
Mr Walne, however, sent me the residuum of the evaporation 
of 6^ lb. of the water, weighing 58^ grammes. This I 
placed for analysis in the hands of Mr James S. Brazier, who 
had long worked under Dr Hofmann in the Royal College of 
Chemistry, and on whose skill and accuracy in such analyse 
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Dr Ho£mann places great reliance. Mr Brazier ia now as- 
sistant to the Pi-ofeasor of Chemistry in Mariachal College, 
Aberdeen. The results of his examination are contained in 
the following letter : — 

" Aberdeen, Jaly 2fi, 1B53. 

"Dear Sir, — Incloaed are the results of my analyaia of 
the residue of the HelwSii mineral water. This I have just ar- 
ranged accoi-diiig to its pei'-centage composition, and if this 
residne correaponds to the same water aa that in which Dr 
Hofmann found 352 grains per gallon, the constituents of a 
gallon may be easily arrived at by multiplying by 3^. I 
have not made this calculation, as another water appears to 
have yielded 444 grains. 

" My analysia indicatea much the same as was found by Dr 
Hofinann'a qualitative analyaia, only that I find a very con- 
siderable amount of hydrochloric acid. 

" Hydros ulph uric acid must have been driven off by the eva- 
poration, if in the free state, or converted into aulphuric acid. 
Iodine was specially looked for, but no traces of it could be 
found. 

" 100 parts were found to consist of the following consti- 
tuents : — 



Chlorine, 




41-420 


Sodium, 




23-920 


Magnesia, 




3-393 


Lime, 




7-350 


Sulphuric acid. 




7-783 


Carbonic acid, 




2-420 


Moisture, 




12-423 


Organic matter. 




1-206 


Silica, 




0-600 


Precipitate by ammonia, consisting \ 


of alumina and phosphates, with \ 0-506 


" These constituents may probably be arranged in the fol- 


lowing manner : — 


ChloHde f d m . 60-820 


Chloride f g n 6'050 


Sulphate fna n a . 2-536 


Sulphate flm . 10-360 
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Carbonate of lima, 




6-500 


Moisture (dried at 230° 


F.). '• 


12-423 -^m 


Organ i 


matter, 




1-20&,^H 


Silica, 






0-600 ^H 


Alumin 


a and iron in 


combination 


■ 


with 




' O'sos ^^M 


and 


ahosphatee. 




100-000 

J. S. Brazikb." 



I was desirous that the quantity of snlphuretted hydrogen 
in the water should be measured, which could only be pro- 
perly done on the spot, but I suppose it was an experiment 
difficult to get made in that country, especially at such a dijid 
tance from Cairo. 

An eminent physician in London has compared this li 
analysis, with reference to the probable medicinal virtues of 
the water, with the published analyses of seventeen of the 
principal mineral waters of Germany, by Ecrzelius, StruTe, 
Schweitzer, Steinmann, Bauer, and Bischof, but cannot com- 
pare the Helwan springs with any one of tbese, in respect 
either of similarity of saline ingredients or of the proportion! 
of those that co-exist. It may be described, he thinks, as 
strong water, and is of opinion, from the small amount 
purgative salts, that it is more likely to prove beneficial 
used as a bath, than if taken internally. 
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The Trans /(Um from Animals to Plants. 

It has been long asserted by Bory de St Vincent and others, 
that there exist in nature organized bodies which are animal 
at one period of their lives, and vegetable at another ! This, 
if true, would for ever put an end to the possibility of dis^ 
tinguishing the two kingdoms when they shall each han 
arrived at their lowest forms. Its truth has, however, bea 
denied. On the contrary, Kutzing, in his recent magnificM 
work on Algas, insists that it happens in his Ulothrio! sonata 
He asserts that in the cells of that plant there are fouu 
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minute animalcules, with a red eye point, and a transparent 
mouth place ; that they are not in fact distinguishable from 
Ehrenberg'a Microgl&na monadina ; these bodies, however, 
are animals only for a time. At least they grow into vege- 
table threads, the lowest joint of which still exhibits the red 
eye point. This phenomenon, which Kiitzing assures us he 
has ascertained beytfnd all possibility of doubt, puts an end 
to the question of whether animals and plants can be dis- 
tinguished at the limits of their two kingdoms, and suffi- 
ciently accounts for the conflicting opinions that naturalists 
entertain as to the nature of many of the simpler forms of 
organization. 

Such being the case, it is not worth attempting to decide 
wheljier the lowest forms of structure belong to the one 
kingdom or the other ; it will be sufficient that they have been 
regarded as plants by many eminent naturalists, 

this microscopical cellular state of existence that 
the Animal kingdom ends and the Vegetable commences. It 
18 from this point that the naturalist who would learn how 
to classify the kingdom of plants must take his departure. 
He perceives that those species which consist of cells either 
independent of each other (Protococcus uredo), or united into 
simple threads {Conferva monilia), arc succeeded by others 
in which the threads collect into nets [Hydrodlctyon), or 
plates (Viva), or the cells into masses (iawimaWa agaricus) ; 
peculiar organs make their appearance, and, at last, as the 
complication of structure increases, a leaf and stem unfold a^ 
distinctly limited organic parts. Kutzing cut to pieces the 
animal called Medusa auritii, washed the pieces care- 
fully in distilled water, put tliem into a bottle of distilled 
water, corked it close, and placed it in a window facing the 
east. The hits of Medusa soon decomposed, and emitted a 
\ery offensive odour, during which time no trace of infusoria 
was discoverable. After a few days, the putrid smell dis- 
appeared, and myriads of Monads came forth. Shortly after, 
the surface of the liquid swarmed with extremely small 
green points, which eventually covered the whole surface; 
similar points attached themselves to the sides of the bottle. 
Seen under a microscope, they appeared to he formed of 
t2 



292 TA* Transition /rom Animula to Planh- 

numberless monads, united by a ftlimj masB, and, at lastl 
after some weeJca, the Conferva fufjacissiiiia of Lyngbye d 
veloped itself in perfection. 

Late obi^ervations on -the reproductive bodies of some Algs 
show that their motion is produced by vibratile cilia, exactly 
in the same way as in certain animals. But it is exceedingly 
difficult to imagine the trausformatioir of one real apeciea 
into another. The same species may assume a variety o 
forms, according to varying circumstances, and it is bigliljj 
instructive to observe these changes ; but that the same spori 
should, under different eircumstancea, be capable of pro 
ducing beings of an almost entirely different nature, eac 
capable of reproducing its species, is a matter which oagU 
not to be admitted generally without the strictest proof.— 
(Lindlej/.) 



A few Remarks on Ctirrenta in the Arctk Seas. By P. i 
Sdtherland, M.D. 

The author states, that, during a voyage lately made i 
the Ai'ctic seas, bis attention was arrested by the power ex- 
erted by refrigeration and congelation, in separating from 
water any saline ingredients it may contain, and of tbus 
causing disturbances in the mean density of the waters of the 
ocean, which, after being influenced by currents, can be over- 
come only by subsequent intermixture with water from other 
localities where the disturbance in the equilibrium is of an 
opposite character. He considers that evaporation, which is 
BO active within the tropical and temperate zones, obviously 
renders the sea more dense by depressing its surface, and 
thus gives rise to the necessity for currents from the two 
poles of the earth, where deposition of vapour predominatefl 
to a considerable extent over evaporation. This he illoi 
trates by referring to the constant current from the Atlan^ 
into the Mediterranean, caused by the evaporation in t 
Bea preponderating over the supply of fresh water. He th^ 
points out the necessity also of a current out of this aea, i 
order that its waters, by the constant influx of saline matt^ 





Dr Sutherland on Currents in the Arctic Seas. 293 



may not become a saturated solution of the salts of the 
ocean ; aud infers that counter currents into the polar seas 
must also exist to obviate the contrary tendency which the 
waters of these seas have to become fresh. He calls atten- 
tion to the importance of ascertaining the dift'erences that 
occur in many parts of the surface of the ocean in respect to 
its saline contents, that we may be enabled to determine to 
what extent the currents and counter-currents may be influ- 
enced by the comparative freshness of the iced water of the 
northern and southern regions, and the necessary saltness of 
the equatorial and other over-heated basins. On this point, 
with respect to the Arctic seas, he refers to observations by 
Dr Scoresby, Sir Edward Parry, and those recorded in tables 
appended to hia paper, which have been extracted from the 
Meteorological Journal kept in the North Atlantic and Davis's 
Straits during the late voyage in the Isabel. 

The author nest refers to the remarkable difference occur- 
ring in the climate of the east and west sides of Davis's Straits, 
that of the latter being much the colder. In the absence 
of thermometric registers for the west, tu compare witii those 
on the east side, he points out how the appearance of the 
land, and development of plants and land animals on the two 
coasts, enable us to determine which has the warmer climate. 
Looking from the top of IJafEin's Bay, which commands a 
good view of both shores, the east side at the sea-coast has 
many portions of land free from snow ; whereas the opposite, 
ty its snowy and icy covering, presents an appearance al- 
together uncongenial. On the fonner are found a tolerably 
abundant flora, hares, and deer ; on the latter there scai-ce 
appears to be a spot to receive the roots of plants or the feet 
of these animals; and in tbe productions of the sea, both 
vegetable and animal, tbe same disproportion is met with. 
Upon tlie whole, he considers complete the analogy that ex- 
ists between tbe North Atlantic and Davis's Straits, both 
with respect to the climate of their shores, and to their inha- 
l)itants of the animal and vegetable kingdoms- With refer- 
ence to the question how this analogy is brought about, the 
author considers it difficult to decide whether the increase in 
the temperature of the water, and the consequent improve- 
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ment of the climate, on the east side of the strait, ariBe 
the disposition the ice has to leave the coast, hy which meanB 
the water becomes exposed to the influence of the sun ; or 
from currents of heated water from a more southern region. 
He further remarks that its donsity here cannot be restoi 
if once disturbed, without admixture with a lai-ge volume 
water somewhat above the mean density. 

Again refen-ing to the observations of Sir Edward Parry 
and those recorded in the tables, the author remarks, that 
from these it will he seen that refrigeration has the efl'ect of 
precipitating the salts of sea-water ; and further, that it apjj 
pears to him very probable that the temperature at whl< 
water begins to expand by the continued application of coli 
is that at which saline and earthy matter begins to be pi 
pitated in solutions of the density of sea-water. 

From the immense depth to which icebergs extend iH' 
Davis's Straits, and also from their vast number, the author 
infers that the tempei-ature of the water will be kept pretty 
uniformly the same throughout a considerable part of it9 
depth, rarely exceeding + 32°, except at the surface, whei 
the action of the sun comes into operation, in which case 
water of greatest density from saline contents would alwi 
occupy the lowest position. In illustration of his views, 
describes experiments on the freezing of sea-water of 
density 1-025, in glass tubes; and from these he infers thi 
not only does congelation precipitate the saline matter 
water, but refrigeration also, at temperatures from 40° do' 
to 32°, With reference to the influence of the density of tl 
searwater on currents, he remarks, that after the warm aei 
son has fairly set in in the Arctic seas, notliing is more coi 
mon than to observe the siirface- water, in hollowed-out lam 
or fissures of the land-ice, moving slowly towards the opei 
water at the edge of the fixed ice ; and this seaward motii 
is altogether independent of tidal motion or oceanic currei 
depending entirely upon the diminished density of the Bi 
face -water. 

In conclusion, the author states that he does not know thaf 
we are yet in a position to demonstrate the actual existence 
of currents mto the icy seas as well as out of them, but that 
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the necessity for tfaem ia obviouB. It is not necesBary, lie 
remarks, that these currents, as in other parts, should occupy 
the surface, and probably also the bottom of one of the sides 
of the basins whose waters require to be renewed, as the 
Gulf Stream occupies the east side of the North Atlantic, It 
is plain that the cold and hot waters of two regions can be 
exchanged by the latter passing underneath the former ; and 
although the Arctic current from the Greenland Sea does 
not contain much ice to tiie southward of Cape Farewell, it 
IB more than probable its chilly waters pass over a fork of 
the Gulf Stream, which ultimately sweeps along the shores 
of West Greenland. — {Proceedings of the Royal Society of 
London.) 



Recent Reaearchee of Professor Agassiz. 

Prof. Agassiz has recently made a rapid tour from Charles- 
town, South Carolina, through Alabama, Mississippi, and 
Louisiana, thence up the Mississippi to St Louis, Chicago, 
and along by the great lakes to New York and Massachusetts. 
In arecent letter from him, addressed to J. D. Dana, dated 
Cambridge, rtth June, lie mentions the following as Bome of 
of the results of his tour. 

I have been successful in collecting specimens, especially 
fishes, of which 1 have brought home not less than sixty new 
species, mostly from the great southern and western rivers. 
Some of these are particularly interesting. I would mention 
foremost a new genus, which I shall call Ckologaster, very 
similar in general appearance to the blind fish of the Mam- 
moth Cave, though provided with eyes ; it has, like Am- 
blyopsis, the anal aperture far advanced under the throat, 
but 18 entirely deprived of ventral fine ; a very strange and 
unexpected combination of characters. I know but one 
species, Ch. comutus, Ag. It is a small fish, scarcely three 
inches long, living in the ditches of the rice fields in South 
Carolina. I derive its specific name from the singular form 
of the snout, which has two hornlike projections above. 

The family of Cyprinodonts has received the most nume- 
rous additions, and among them there are again new com- 
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binations of characters. Several years ago I noticed ti 
apecies of new genua which I would call Heiernndria, froi 
the great difference observed between the two sexes, 
males having the ventral fina near the pectorals in about 
eame position as in the Thoracic fishes, while the females 
have those fins in the middle of the belly as in the Abdomin- 
als. Of this genua I have observed several new species. 
They all live in dense shoals in shallotv waters. Another 
type iCyffonectes, presents no such sexual diflTerences, and 
differs also in its habita. These fishes are constantly seen 
swimming on the top of the water in pairs, whence their, 
name. I have found half a dozen new species of this genua. 

You may remember the remarkable genua Mollinesia de^J 
scribed by Leaneur from specimens obtained from Lake Pon-' 
chartrain and from Florida. If you do not, pray look for tin 
figures in the Journal of the Acad. ofNat. Scl., vol. ii.. to ap- 
preciate the facta here mentioned. From its structure and 
from the sexual differences observed among other Cyprino- 
donts, I have long entertained the opinion that this genus 
had been established upon the males of Poecilia mutilineata 
also deacribed by Lesueur (same Journal), and both are ad- 
mitted aa distinct in the great Natural History of Fishes by 
Cuvier and Valenciennes. Having found both together in all 
the Gulf atates, I have watched them carefully, and in Mo- 
bile as well as in New Orleans, I have seen them day after 
day in copulation during the months of April and May ; so 
that their specific identity is now an established fact. I have 
caught hundreds of them and found all the Poecilias to he 
females and all the MoUinesias males ; and what is further 
very intei'eatiug, the females are viviparous. 1 have been 
able to trace their whole embyronic development in the body 
of the mother, in selecting specimens in different stages of 
gestation. 

I do not remember whether I have already mentioned to 
you the existence in the United States of two families of 
fishes not before observed in our watera, one of the My^inoida, 
with one species from Eastport in Maine, collected by W. 
Stimpson, the other the Erythrinoids of Valenciennes, or Cha- 
raxini without adipose fin of T. Midler, of which a new genus 
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occurs iQ the fresh waters of our northern and middle as well 
as western states, with half a dozen species, some of which 
have been unfortunately described aa Leuciscus, Fundulus, and 
Hydrargyra, with which genera they have no affinity, while 
other new ones have been discovered by Profesaur Baivd and 
myself. I shall call this genus Melanura, from the singular 
black mark wliich all species shew upon tlie tail. But I would 
tire you were 1 to go on with my ichthyological remarks, even 
if I abonld limit myself to enumerating new genera, for I have 
many more of these. 

I will close this long letter with one observation upon 
Crustacea, which may have a more immediate interest for 
you, if you have not yet noticed the fact yourself. On my 
return from Florida two years ago, I noticed among many 
specimens of Lupa dicantha, one in which the tail presented 
a triangular form iutermediate between that of the male and 
that of the female. Unable to ascertain from a single speci- 
men whether it was a mei-e variety, or perhaps an improperly 
developed female, I awaited another opportunity for a fuller 
investigation, which the market of Charlestown, S. C, afford- 
ed largely during the latter part of February last, when I as- 
certained that that form was at times as common in the mar- 
ket as either the males or the females, and upon careful ana- 
tomical examination, I satisfied myself farther, that these 
specimens are entirely deprived of internal sexual organs, 
though slight indications of the openings of the sexual organs 
entirely closed up by calcareous matter, clearly indicated 
that they are imperfectly developed females, a kind of neuters 
among crabs, the great number of which leads to the suppo- 
sition that they are not without function in the general 
economy of these animals. The tail is soldered to the 
carapace, the last joints only at which the alimentary canal 
terminates being movable. At the same time malfS and 
females were dissected, and shewed the sexual organs in that 
fulness which precedes copulation. Looking afterwards for 
similar conditions in other species, I found in the collection 
of Professor L. Gibbea, specimens of Lupa cribraria, and of 
L. Sayi, with the same conformation of their tail. • * * • 
I cannot help returning to my fishes to say, that I have 
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now twenfy epeciea of Lepidosteus fi-om tbe United Statea ii 
my collection, a goud fuandatiun upon wliit^h to base a r 
&ion of the fossil tislies. I could not say how many otli^ 
new thitige I have collect«d, for I have not yet uopacked 
half my packages. — (A iMrican Journal of Science and Art% 
vol. xvi.. No, ^6.) 



On the Palceohydrography and Orography of the Earih*M 
Surface, or the probahle position, of Waters and ContinenuM 
as well as the probable Depths of Seas, and the absolute 
Heights of the Continents and their Mountain-Chains du- 
ring the different geological periods. By M. Aui Bodb'. 
Communicated by the Author. 

The Palteobydrography is an old principle in geology, and 
is even still considered so by geographers and theoretical 
geologists who have not a correct knowledge of al! tbe fan 
upon which this doctrine is rounded. Water having covered^ 
the surface of the earth from the time that temperature per-^ 
mitted it, its abrading effects must have been in action during] 
all periods of time. During each of these periods there wei'e-.l 
sea-shores, sea-cliffs, river-beds, and the like. Many of tbaf 
Bca water-marks have, in all probability, been destroyed by | 
the length of these various operations, but here and there 
some still exist ; and it now remains for the expert geologiaba 
to arrive at tbe date of the origin of each of these. We will>f 
then be able to draw general geognetic conclusions from sach J 
a mass of well-established facts. We have an able essay on^ 
this interesting subject by Mr Robert Chambers (vid. Anciend 
Sea-Margins, 1848). It is necessary to proceed in this in-| 
qiiiry from the most recent phenomena to tbe oldest, as I j 
have already shewn in a menioir on the subject {Proceeding* J 
of the Fienna y(crt'/«;iy, January 165IJ). From the water-, 
marks of a fresh-water lake that is now empty, we come to tj 
those of interior seas, of Mediterraneans, and last of Oceana. 
From these, we proceed to the water-marks of Tertiary and J 
Secondary seas, and combine these facts with those given by | 
the theory of elevation and subsidence of tbe earth's surface. 
Palaeontology is highly useful in this inquiry, for instance, i 
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in the determination of ancient deltas, the course of ancient 
rivers, and the depth of seas, as ascertained by lithophagi. 
Still geodesy, and a knowledge of the bottom of seas, ai-e 
two things which would forward our views of these mighty 
changes. It would enable us to trace over the wiiole of 
the earth's surface, not only the abrading and upfilling 
action of water, but also the extent of subsidences, and of 
volcanic etFects. At present we have only very smalt indi- 
cations of these ; for instance, one seems warranted to ad- 
mit to the west of Europe an old lai^e continent or island, — 
not only till the middle Tertiary period, hut probably to 
the old Alluvial time. The proofs of it are the state of de- 
struction and steepness of the western shores, their islands, 
tlie submarine forests, the direction of sea currents, the ele- 
vation of neighbouring continents, the geographical distri- 
bution of certain plants and animals in the now isolated west- 
ern parts of Europe. 

To the east of North and South Amenca old land seems 
also to have subsided in the sea, and some summits of the 
hills form now only islands. In the Pacific, Darwin shews us 
an extensive subsidence in quite an opposite direction, viz., 
from east to west, where now so many coral islands exist, or 
are in formation. Along Western America, on the contrary, 
is a deep sea, the bottom of which has a tendency to elevation. 
The greatness of this action is proved by the high chains along 
the sea-shores which I'un like the meridian. It is apparently 
the mightiest on the earth's surface, and it is probable that it 
gave rise also to the greatest subsidences in the Pacific. If we 
pass to Asia, we find between Hindostan and Australia, with 
its satellites, New Guinea, New Brittany, the Solomon's Isles, 
New Caledonia, the New Hebrides, and New Zealand, the 
best indications of consideriible subsidences, namely, many 
islands or divided continents, steep shores, rugged clifi's, and 
volcanoes, as well as a very particular distribution of vege- 
table and animal life. During tiie same time, probably, 
subsidences took place around the Hindustan triangular 
peninsula, and especially to the south of it. The same 
may be said for the neighbonrhood of South Africa and 
on both sides of it ; for we find to the east fragments of 
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continents under tlie form of islands. In tJie AtJ&ntic similar 
indications of older islands exist. At last &t the poles great 
sobsideaL'es muy huve been produced by the force whieli 
t«nded to flatten these ; the manj' Polar islands may also bsve 
been derived from it. But the Arctic lands possess a more 
powerful agent of change than the Antarctic ; many large 
rivers flow into the Arctic, and produce every year great 
motions in the ice-fields ; in the Antarctic, snow and ice aloue 
exercise their poweis, and the temperature is not so low as 
at the opposite pole, hut the winter is eternal. The parti- 
cular external form of the Anxtrol Polar continent, with its 
two points and re-entering angles, have been adduced by 
Hombron as proofs of their ancient separation IVoin the 
southern continents (Compt. Ac. d. Sc, Paris, 1844, v. 18, 
p. 2). When we arrive at the following interesting conclu- 
sions, we unite to the preceding great subsidences in the 
oceans, tbegreatest continental elevations, not only as chains 
but also as vaults of whole continents ; and take besides as 
true, and probably founded on pliysico-magnetical laws, 
well-known doctrine of M. Leblanc, that each direction 
elevation cuts the preceding under a right angle, or at lei 
under a very great one (Bull. Soc. Oeol. de Fr., 1840, v. 12, 
p. 140). Without going through all the elevation periods 
either of MM. Leblanc or Beaumont, we may remain satisfied 
with shewing that the active and extinct volcanoes of South- 
Kastem Asia, as well as those of Mexico, Guatemala, am 
Oregon, cut transversely the older chains of those countrieeJ 
Elie de Beaumont remarked, besides, that the various elevi 
tions in America have changed invariably their poaitioni 
from east to west ; but quite the contrai'y happened in Asia' 
and Europe, where this change took place from north to 
Boutli (Compt. M. Ac. d. Sc. Paris, 1843, vol. 17, p. 415). 

We have thrown some lighten the nature of Polar countries, 
where ice and snow have nearly stopped every formation 
newer than the old coal formation, and have preserved us a 
picture of the state of land and water in that remote period. 
On the other hand, the great subsidences in the Atlantic to 
tbe west of Europe and Africa, are inclined from north to 
^eem to have taken place chiefly after the old 
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alluvial period, at the aame time that the central parts of 
Europe and Africa were raised into tlie E.W. direction. In 
Asia it would aeem also that the great central elevation 
of this continent preceded the end of the alluvial time, and 
the direction of the eastern part of both Indian Peninsulas 
was changed to N.S. 

The elevations and vault of the American meridian chains 
were later events than the motions in the Old World; but 
these phenomena were similar, in as far as regards the trana- 
Terse crossing of the great E.W. subsidence of the Pacific. 

We ought not to forget that in every see-saw motion there 
takes place a subsidence as well as an elevation, a principle 
which is well exemplified in the plastic form of the earth's 
surface. 

When the heights of central Europe, Africa, and Asia, with 
some parts of the countries of the Mexican Gulf, were 
raised during the alluvial period, in an equatorial direction, 
some extensive parts of the low and flat countries of North- 
em Europe, Siberia, and even North America, were de- 
pressed in the same direction, and this gave rise to the er- 
ratic phenomena. Similar subsidences took place in that di- 
rection in the south of Eui'0]>e, Africa, and Asia, for instance 
in the Mediterranean, the Gulf of Mexico, &c. 

On the contrary, when the meridian chains of North Ame- 
rica were elevated, those of Eastern America were depressed, 
especially in South America, where older islands disappeared 
entirely under the Atlantic. Again the contrary took place : 
— ^with the indications of elevation of the western coast of. 
America, we see a part of Greenland, and of Arctic Amenca 
subside. In the Old World the Siberian shores of the Icy 
Sea, as well as the bosom of the Baltic and Scandinavia, were 
elevated. All these see-saw-like motions took place in quite 
contrary directions. In the recent Tertiary period, we find 
some elevations in the meridian direction in the Old as well 
as in the New World, but these were preceded by equatorial 
subsidences. About the same time, facts shew, on the con- 
trary, immense equatorial elevations in Central Europe and 
Asia. Let us go back to the secondary periods, and we find 
connected with Europe, Africa, Asia, and America, great 
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oceans with islands, and we alno 6iid that these become more 
free the further we go back to tbe primitive times of the 
earth. 

These oceans seem, according to the forms of the actual 
continents and to their geognosy, to have extended in an 
equaturial direction, exactly the contrary of our present 
oceans, which ai-e in the meridian direction- 

Tlie islands and continents of those remote times extended, 
on the otiier hand, especially N.S,, such as tbe partly-de- 
stroyed islands of Western Europe, Scandinavia, Arctic Ame- 
rica, Eastern and Southern Asia, Southero Africa, the East- 
cm partly-destrnyed America, the Weatero America, the 
Eastern New Holland. 

If we go still further back in the primary period, we find 
many continents or islands which extend parallel to tbe 
equator, viz., around both the poles, between the tropics, 
and probably, also, in the warmer parts of the temperate 
Eones, but the seas or the subsidences were then exactly in 
a contrary direction. 

Under the great causes of changes of the earth's surfac 
we must next mention the dynamic motions, and also reckon 
the destruntion produced by tbe eternal tendency of the wate 
to turn round the middle of the earth as much as posBibiS 
after the astronomical laws. 

When we are forced to admit the mentioned cruciform a 
tarnation of the dynamic relations, it is only what we would, 
crpec/ to find in a spheroidal body rvJiich has an igneouiM 
Jtitiditi/ in the interior, a riffid surface purfli/ covered with 
water, and turning round itself. Every one admits that tbe 
centrifugal force in the course of time has given rise to a. 
flattening of the poles, as well as to an elevation against 
the equator ; but this change in the spheroid must have pre 
duced rents and subsidences in both equatorial and meri 
dian-like directions. According to mathematical laws, thn 
equatorial subsidences were contemporaneous witli the elei* 
vations, but not with the meridian-like subsidences, becauB^ 
these appeared later, and owing to new elevated parts of thn 
earth's surface, resulting from the subsidence of the ngiff 
parts upon the molten mass, and these parts appear to havn 
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been so much forced from their former position between the 
new vaults, as to have preserved a compression upon them. 
Those meridian-like subsideneea must have had a tendency 
to produce only in N.S. direction, long and oval basins, and 
not circular ones, in E.W. direction ; which, on the contrary, 
vraa always the case between two equatorial elevations. The 
Mediterranean is an example of the last. Finally, we must 
addthefact which concords with the rotation of a bodywhose 
interior is igneous, viz., the arches or higher parts of the 
earth's body, formed in consequence of the centrifugal force, 
are parallel to each other, but no one of these goes entirely 
round the earth aa a continued line. The Alps, Taurus, 
Himalaya, and the chains of Central Africa, are examples of 
this kind. 

Is H not possible to estiniate the value of the various eleva- 
tions o.nd s^ibsidences on the earth's surface, at different 
periods of time ? 

It is possible, — but our knowledge in astronomy, physics, 
and geology is still too imperfect to allow of more than an 
approach to the answer. 

Let us -take the simplest case of an island composed of 
horizontal marine beds. We would measure the depth of 
the sea and the height of the highest mountain of the island, 
add these together, and then endeavour to ascertain whether 
the sea subsided, or the land elevated. Aa to the last con- 
clusion there remains the question. Does the sea bottom still 
preserve its original height] This shews us the necessity 
of having a knowledge of the normal depth of all seas in the 
primitive time, so that, according to our knowledge of Batho- 
graphy, and the whole quantity of water on the earth, we 
might then limit per maxima and minima the same value for 
the various periods. This done, we could then calculate each 
elevation. 

Let us now take the case of an island of a roof-like form, 
where we shall have the elevation of the summit of the roof, 
we could also obtain the elevation of each isolated parts of 
its inclined phases. 

If the island is long, with a steep inclination on one side, 
and a very slightly inclined plane on the other, as for instance. 
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in the North American point, we can estimate the value q 
the low sliore, when we know the elevation of the high and 
steep chain, but the sea should have on both sides the same 
depth, whifh is frequently not the ease. The sea can be deep 
on one side, and sliallow on tlie other, or deep or shallow c 
both. For this reason, the normal depth of the sea will a 
ways better suit for the calculations. 

When a rigid part of the earth was elevated, vaults wer^ 
produced, or in other words, elevations and subsidences, i 
cording to the principle of the see-saw motion- If the valui| 
of such an elevation above the level of the sea is found, it i} 
easy to obtain that of the subsidences under water, becaaM 
both values are determined by an equal angle around a fixe( 
point. A country might have been subjected to a simplfli 
see-saw like motion, as England for instance, whei-e odm 
shore is high and hilly, and the other flat, with subaidflocei 
in the Northera sea. 

The middle of an island can have been vaulted with a k: 
of double see-saw motion, of which the two elevated extre- 
mities represent the middle of the vault. The subsidences 
of both sides under the sea-level would equal tJie Iieight of 
the vault above the sea-level. 

The variation in the position of the highest part of thei 
elevation changes nothing in the i-esulfcs, the triangles whioBJ 
are to be constructed on both sides, above and below the sea^ 
level, will only become more and more unequal the more t 
greatest elevation is placed further from the middle part 
the observed land on one or other side. 

If two triangles represent the vault above the sea-level, ant 
their base be that level, and if we lengthen these lines o 
both sides of their relative value in the triangles, and if we 
do the same with the two lines which descend from the 
middle of the vault, till the sea-sbore on both sides become, 
through this construction on each side under the sea, similar 
triangles with angles of equal value as the 
vault above the sea. This result remains 
the same whatever in-egularity the vault [_ 
may have ; but in the last case the values of the tria 
and angles on botli sides are unequal. In this way we a 
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knowledge of the a,pproximat;e places of the suhsidencea, 
Tvhich are never far from that of the elevations, betause the 
value of the elevations known, the length of the lines be- 
tween the sea-level and the highest point of the vault re- 
mains equal to the length of the lines of the aubsidences in 
the triangles. 

As many protuberances of the chains suffered duninutiona, 
we should include them in our calculations ; and should con- 
struct the triangle by tangents to the two arches of the 
Yaulta, and the lost summit would be restored approsimately 
by this construction. This method seems 
also to give us a mean to determine in the /tTVv 
interior of the earth the place where the ele- I y' \ 

vation began, because the causes of it are ^ 
lower. It is only necessary to add to the height of the 
highest point of the elevated vault above the sea-level, the 
normal covering of the compact part of the earth under the 
normal depth of the sea, and then to lengthen these lines in 
its entire value in the interior of the earth. This way of 
proceeding is the same, whether the elevation he a primi- 
tive one, or may have taken place where others already 
were formed, The normal depth of sea being necessarily a 
value equal to the normal thickness of the last compa,ct and 
rigid covering of the earth's surface, and, on the other hand, 
the elevated parts of the earth's surface having had their 
place in the interior of the earth before this motion, we have 
AC = G H, and CF=r G; or, in other words, 
the depth of the cause of elevation, + = 2 _ 
Ac +2CF. Now if Ac ^26,000 feet, as in 
the Himalayas, and CF =2000 feet, we would _ 
already have for the depth -i- =56,000 feet, 
which is not far from that to which calcula- _ 
tiona on the temperature of the earth have 
conducted M. Cordier ; at least it will be so 
when we correct the now acknowledged 
errors in some facts on which Cordier's calculations rest, and 
also take into consideration the destruction of the summit of 
the chains. 

VOh. LV. NO. PX. — OC'TOBEIi 1863, U 



306 M. Ami Bouir on the PakEohydrogmphy 

In this way we should obtain an idea of the true site rf 
volcanic action ; or of the very unequal limits where there iB 
in the earthy mass already complete rigidity on one side and 
igneouB fluidity on the other. If, according to this, the depth 
of volcanic action is pretty great, still it is not so, as some 
people would conclude, from the extent of the vibrations of 
earthquakes. As that depth must be in extensive relation 
with our highest chains, and as the height of our highest hillB 
even surpasses the value of their parts in the eai-th which 
lie below the sea-level, it is not at a1I certain that this may 
be everywhere the case. On the contrary, the wrinkles 
and low parts of the earth's surface, and the depth of the 
volcanic action, or the fluid focus, must have various values 
according to the different places of the earth. This also 
clears up the different scales of temperature which have been 
established for different places by the observations on the 
increase of heat according to the depth in tlie earth. 

We find, next to elevated points, subsidences of equal 
value in the contrary way. Considering in this way the 
different elevations in different periods, we find that the 
great-est appeared latest. But it must be observed that 
the latest elevations must frequently have taken place upon 
already vaulted places, or even on those which have been 
more than once elevated, Besides the actually highest chains 
are those the least destroyed, and in uniting them with th& 
first formed, may possibly not have been elevated more, oft-i 
may have changed entirely their aspect by frequent subee.^. 
quent elevations. If the latest elevations have produced tliB 
greatest protuberances, a similar complicated relation must 
have taken place for the subsidences. In the primitive time 
the sea was not so deep as now ; this depth increased gradi 
ally till our times, when the hydrographic value equalled 
those got by the hypaometry of our highest hills. 

Can we calculate the numeric value of the vaulUi of 
ct»intry and its relative subsidences ? 

It becomes much more difl^cult to determine the subsidencrtf 
which may be produced by the inversion of beds. If one haii' 
only one series of beds, elevated in a straight line, we should 
determine the angle '~'^* ^^'lation, the thickness, and the 
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the possibility of calcu- 
lating the apace left, as well as the space occupied. Thia 
simple case ia more aeldom than the othera. Similar con- 
aiderations may be applied to elevationa of beds around a 
profound central point, a crater or a long rent. Yet, in 
most caaes of elevation with upright standing beda, there are 
oonvolutions, diviaiona, various ioclinationa, fallinga in, and 
later destruotions ; beaidea, one period of elevation may 
complicate itself frequently with another, and make the pro- 
blem still more difficult to be reaolved. We can only re- 
solve these by an approximative calculation by maxima and 
minima. One can calculate nearly the surface of a chain with 
the value of the space of its valley, and then eatimate the value 
of the space of the hills, and on the whole aa a compact mass 
of certain geometrical form, aa for inatance as a triangular 
division with two truncaturea at the ends. One would con- 
sider the whole as pushed out of the soil. One should also 
reckon what such a chain was once, and what it probably 
lost by subsequent destructions. In that way one sees the 
possibility at leaat of arriving at an approximate result for 
the value of subsidences produced by aueh elevations of 
chains. 

Great elevations of the earth's crust have left subterra- 
nean vacuities, and their number increases with the height 
of chains. I do not believe that there now exists voids equal 
to our chains ; that would destroy naturally all our calcula- 
ttona. If they do really exist, earthquakes would indicate 
them, from the sea-water entering into such spaces. These 
are not necessary to explain the extent of earthquakes, for 
they are in a great measure the extent of vibrations of all 
dense bodies. 

To enlighten the solution of the former problem in question, 
we should put to ourselves the following question : — la it 
posaible to determine a normal depth of the aoa during dif- 
ferent timea.in certain limita ; and would it be quite impossible 
to fivd out, if not the value of each individual elevation, at 
leaat the general value of all eleuationa in each period ? This 
qnestiou ia rendered soluble by what has been already ob- 
tained by calculations upon the solution, the refrigeration and 
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contraction of the earth, and by other facts given by geography 
and geology. If we bad already only an approximative esti- 
mation of the value of each period of elevation, we could 
answer the question about the elevations and subsidences for 
each period in every country of the globe. 

It is not now sufficient to trace the presence of the sea 
everywhere ; but we innst determine also ite depth. If we 
knew how much, and in what quantity, a land or chain has 
been elevated or depressed, we could determine the depth of 
the sea-water by the height of the marine beds, which are si 
horizontal. But we should be very prudent in such determini 
tiuns, and especially not to draw conclusions from indiridui 
countries- When tlie obtained halves are found applicable 
the chief known parts of the earth, we can come to rational con- 
clusions, for we can learn by comparison how much nearly- 
a given country is elevated or subsided. And we can hope tO' 
arrive at the maxima and minima of elevations and Bub^ 
sidences in a given period of time, because many formation*' 
in the earth give at least a maximum of height and subsi- 
dence. 

Ah I conceive the solution of the problem, it would be; 
found if the two following facts are admitted as sufficieal 
proved: — 

l8(. What the globe always was ; and if it has remun< 
the same, nothing can be lost except the heat, which is of no 
value to us in this consideration. Yet many things have been 
changed on earth, for instance a part of the water has been 
turned into iee, and a greater quantity of fresh-water car- 
rents, and of subterranean water, have taken the place of the 
former much greater humidity in the atmosphere. Perhaps 
the salt formations may be in some relation with this differ- 
ence between the quantity of fresh and salt water in the 
primitive times, and in later periods. 

'2d, The protuberances and low places of the earth's sur- 
face are in equal relations to the rigid and fluid parts of the 
globe; or, in other words, all the values of the heights of the 
earth are found to differ when related with cavities. The 
protuberances lessen the place of the Euid in the same mea- 
sure as the corresponding cavities do make. 
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When the geographical value of the extent of laud aod 
water is known, it is possible then to determine by batho- 
graphy and geodesy the extent of the waters of all seas, aa 
well as that of the protuberances of our earth spheroid. 

These numbers got, we could establish with them a normal 
medium for the thickness of the last eoyering of the rigid 
part of the globe, which forms especially now the continents 
and heights; in the meantime, one would deduce from the 
extent of the fluid, the medial height with which this water 
once surrounded the rigid part. On this base all the changes 
known would have followed, and we could estimate all the 
values of subaidences and elevations. 

Afterwards one would determine exactly the geographical 
surface and space of the continents in each great geological 
period, to get the value of the place and space occupied during 
the same times by the water. To i-eplace the surface of the 
land which probably was lost by subsidence in some geolo- 
gical periods, one should employ the probability of calcula- 
tions which may be based on what remained from each period, 
on the mode of distribution of continents fi'om the beginning 
till now. But an absolute necessity would always remain, 
viz., the knowledge of the greatness of each series of eleva- 
tions in each period. To get this, it is only necessary to 
make the following reasoning. As we know now the mutual 
relation of the surface of the actual seas to that of land, as 
well as to what these were in the alluvial period, we can 
then conclude what sui-face the sea covered in the tertiary 
time ; we must subtract from the value of the surface of land 
in the alluvial period, that which it had in the tertiary, and 
add this difference to the sum of the surface value of the sea 
in the old alluvial period. 

But when two seas of the kind have not the same surface 
value, the smaller must replace the want of space by the 
greater depth. This necessity is the best proof that the seas 
have gained in depth from the oldest time till now, and that 
in exact propoi-tion as the land became always greater and 
greater in extent. First there existed only islands, and for 
that reason a shallow sea ; the more this extended, the deeper 
the sea became. 
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On the othCT hand, aa the cavities of the earth's 
are in time in relation with their ehaine and protubersne«l, 
we ascertain by this a mean to detettnine for each geological 
period the greatness at least of the median value of the ele- 
vations ; not onliffor the general one as vaults, but also 
th£ more particular as chains, and that through the medit 
value not only of the greatest subsidences, but also throvgi 
tjiat of the deepest rents in the sea bottom. 

We can say the following : — ^When we find for a aea a e< 
tain medium of depth, which has a determined value of aup- 
ffliCe, and a determined quantity of water, what medium of 
depth will another aea have rvith another value of surface 
and quantity of water? When we have got this medium 
depth or medium value of subsidences, we can poaitively-i 
deduce from it the medium value of the elevations. | 

But the medial value and the place of the greater pro-- 
tuberances of the earth's surface are in constant relation 
with the height of the greatest chains and their places on 
the earth's surface ; so that we have a mean to conclude 
something approsimatively for the chains, which may poB^j 
sibly suipass the medium value of the elevations in each] 
period. This is enough to shew how important are such d* 
terminations of orographical medium value, as they wei 
traced by Humboldt, Strantz, Berghaus, and others. 

Some may object that we shall never either know the tnH 
place of lands and seas, nor the greatest elevations and enb- 
Bidences in the various geological peiiods, notwithstanding 
we may arrive at the knowledge of the medium value of the 
elevations and subsidences, as well as at that of the sea 
depth. Our physical and astronomical knowledge is truly 
not yet sufficient for it, but geology seems to give hope 
for the solution of the problem. I would, for instance, ei- 
pect a natural result when one remembers that subsidences 
are always in the neighbourhood of the elevations, or 
vice versa, as in the see-saw ; one would determine Tthe 
rest by traces left of the one or other of these events. 
Secondly, one must employ Leblanc's doctrine of the con- 
stant opposition in the directions of two events of the kind, 
which follow one another, and apply this to all the events of i 
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the kind, from the actual state and place of the protuber- 
ances, chains, and cavities now existing, to those in the re- 
motest times. A third important document is furnished by 
the palteontological geography. The countries where iden- 
tical petrifactions lie in a formation, may be distributed 
in countries very distant from one another, yet they were 
covered by the same aea, or even one same channel of 
aalt water, notwithstanding now large chains intervene be- 
tween them. The certainty of such palteontological indica- 
tjons increases with the more recent age of the formatiouB, 
and diminishes the more one considers an older formation. 
The following are some examples. 

A great similarity is known between the miocene beds of 
Italy, of the Adriatic, of European Turkey, as well as of 
Austria and Switzerland. This proves the old fi'ee commu- 
nication of the Miocene sea on both aides of the iUps, not- 
withstanding the differences of climate and the chains inter- 
spersed. In the Eocene period, the extent of the nummuUtic 
beds indicates the free union of the basins of the Euphrates 
mid Tigris with the Mediterranean and the old eocene sea 
round the Alps. On the contrary, the difference between 
ibe tertiary fossils in Chill and the Pampas (C'oiiipt. R. Ac. d. 
Sc, Paris, 1843, v. 17, p. 392), shews that these two neigh- 
bouring countries, notwithstanding under the same latitude, 
were already separated in the tertiary period by a mighty 
dike composed mostly of trachytes ; a circumstance which 
explains also the great mass of agates and of red argil 
amongst the inferior tertiary beds of the Pampas. In a 
similar way D'Archiac has been able to prove that the ter- 
tiary basin of northern France was hai'dly connected with 
Belgium and England, because at the place of the present 
British Channel there extended a chain in NES. direction ; 
for that reason the shells of the red crag of Suffolk, and the 
erag of Belgium, are not those of the faluns of the middle of 
France (Compt. S. Ac. d. Sc, Paris, 1845, v. xx., p. 314). 

On the other hand, the differences in the chalk formation 
around the Mediterranean, and in the NW. of Europe, com- 
pel us to believe tliat in that period there was a great dif- 
ference of climate as well as a separation of the two seas. 
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The comparison of tbe Jura in the Alps and Mediterran< 
countriea with that in Central Europe, has often induced 
geologists to acknowledge in that time two seaa of very 
different depth as well as very divided seas. Lastly, the 
peculiarities of the Muschelkalk in tbe German Alps, in Supe- 
rior Italy, and in Superior Silesia, give proofs of the existence 
then of a sea channel where now the Alps partly raise their 
heads. {ZeOsch. rf. DeutBch Geol. Geech., Berlin, 1849, vi. 
p. 246). 

In taking another view of the subject, one finds still 
other mode of coming to conclusions. I mean, to make 
of all that we know of the various thickness of the fc 
tions, and the variation in the same formation, as welt 
of the alsolvte height they attain in different e.ountrit 
But on this our information is still very small. 

I must remark, Isf, That the fresh-water formations, 
the alluvial and Travertine deposits, are to be found at very 
different heights and in very different thickness ; 2d, That 
the various heights of actual seas shew the former existence 
of a sea in the same way at different altitudes. Besides, w« 
have proofs that seas were formerly much more numerons, 
and sometimes placed on levels one above the other. Tfai»j 
gives an idea how a part of the water has found room 
older times on the earth. The salt-water sea has been 
verted into fresh-water before it became empty, or aft 
having become partly empty. If we had, for instance, 
medium value of the depth of sea in the old alluvial peril 
we could say how deep that sea was in Northern Europe 
when the erratic phenomena took place, because the boulders 
indicated its height in the southern part of this basin, where 
they came upon the ice floating, and not by gli 
Scandinavia. 

On the other hand, one could fall into error if one woul( 
from the results gained in this way, conclude about the depth 
and absolute height of the sea at the foot of tbe Alps during 
these times, or during the tertiary period, because probably 
a sea was there on a higher level than that of Northei 
Europe. 

3if, The diffh-eii'-e in the thickness and absolute 
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vack formation funiskes us tht means to know the depth df 
tacTiBf-aupon its shores, as well as at a distance from them, 
notwithstanding that certain places, or freqiietitly the deep- 
est, may have received no deposit at all ; bat it must not 
be forgotten to subtract always from the abBolnte height the 
possible value of the elevation to which the whole country or 
basin has been subjected. For that reason, we attain a much 
more certain conclusion upon the depth of the sea, when we 
measure the height of a formation only above that of the 
basin in which it lies. The bed must be then horizontal, and 
tiontain sliells of which the animals were littoral, or lived 
in waters of a certain depth. If the rocks are, on the con- 
trary, only alluvial, or conglomerates without fossils, then 
their heiglit gives no certain indications for the depth of 
the sea, because the bottom of the basin may have been up- 
raised. 

ith. One should always attempt to determine by the fossils 
if a formation was littoral or formed in lagunes of salt water, 
or in a deep sea. Such being the ca se, the study of malcology 
and actinology, or, in other words, the study of the hfe of 
molluscs and zoophytes, becomes daily more important to 
geologists. 

The Tertiary Sea appears to have been between 2000 and 
3000 feet deep along its shores, but not more than 900 or 
3000 in its channels and straits. The greatest heights of 
these formations have been produced by the elevation of 
their bottoms, or by the inversions of their beds. For ex- 
ample, they are in Switzerland 4000 feet, in Bolivia 1(),00{) 
feet and the like. These limits are confirmed by the heights 
of tertiary beds which have been deposited in Mediterranean 
Seas on a higher level than the ocean. The greatest absolute 
height of the bottom of these former interior seas varies from 
a few feet to 500 in Europe at least ; but we still want in- 
formation on this subject. 

J the Tertiary beds were deposited in basins and on 
shores, and as such deposits did not occur in the deepest 
places, the Tertiary period must have had depths in their 
Beaa that reached from 3000 to 4000 feet. 

The chalk formation consists of marine formations in deep 
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water, and of a littoral one. The seas during that 
have been very similar to the tertiary period, haviog a depth 
of from 600 to 800 feet ; but tlie chalk itself was deposited 
in water of a depth varying from 1200 or 1300 to 3000 feet. 

The Jura Sea, or at least that part of it where the Juraaaic 
beds were formed, was a sea of more than 3000 feet in depth. 
The littoral deposits of the seas were formed under a sea of 
1300 or 1500 feet in depth, — the coral rag, similar shallow 
sea. In Western Europe we find for it the latter, a sea of 
nearly 800 feet deep, or even less. 

The Trias formation shews hy its thickness that its 
had a depth of at least 3000 feet, with occasional ph 
more shallow. 

Tlie Zecbstein and the red secondary sandstone were de- 
posited upon shores in water less than 1000 feet deep. This 
is confirmed by coralline formations and plutonic eruptjooa,, 

In tlu: primary periods the seas were deep and shallo' 
the deep about 2000 or 3000 feet in depth, the shallow im 
cated by the many coral deposits found in the formati< 

In taking a general glance of the value of these depths In 
the TariouB periods of time, we learn that the marine forma- 
tion never covered the whole sea bottom. Besides the de- 
posits on shores and in sea channels or straits, and from 
cuVrents that now accumulate in our deeper seas, we have a 
great part of the sea bottom that remains now as formerly 
uncovered by aqueous deposits. It is difficult to calculate 
the present extent of plutonic eruption that takes place ; hut 
it appears that volcanic matters are accumulating now in 
deep seas, as must have been the case foi-raerly. But this 
will seldom occur in the deepest places where the pressure 
is very great. 

These values of the deep and deepest places can he eal 
hlished still for each period, if we admit that the scale 
subsidences from the older times to the newer is an ascend- 
ing one like that of elevations ajid vaultings. In this case 
we can use the height which some formations attain through 
elevation ; by which events the exact time is given by tfa( 
geognostical relations of position. The inclination or 
sipn of beds, and the repetition of elevation on the same spol 
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do not render this more difficult, because the same took place 
for the Bubsidences. 

In the old alluvial and recent tertiary periods, the great 
Sea Deptha and their middle depths were nearly those of our 
present seas, which we can prove especially hy the height of 
volcanic mountains and chains. In the tertiary times the 
elevations of the chalk and eocene formations indicate sea 
deptha of 8000, 9000, 10,000, to 24,000 feet, which was the 
case immediately after the chalk period. The middle sea 
depth of the ocean may have been then from 4000 to 5000 feet. 

In the chalk period, the height of the elevated Jarassie 
beds indicates seas of from 6000 to 11,000 feet, and probably 
still more in depth when we consider the Himalaya. Their 
middle depth may have varied between 2000 and 3000 feet. In 
tiie Jura period the heights of the elevated Trias seem not 
favonrable to the existence of sea depths of that greatness. 
The middle depth may probably have been 3500 feet, and the 
deepest places may have measured 5000 to 6000 feet. 

In the Trias period the weW-known elevations of old forma- 
tions, aa well as the great plutonic deposits, appear to indi- 
cate for the deepest places of the seas between 4000 and 5000 
feet, and the middle dej'lh may not be far from 2500 feet. 
The greatest known height of the Triaa exists in Bolivia, 
where it is preserved still partly on both sides of the eastern 
Cordillera, and reaches sometimes, according to D'Orbigny, 
theheight of 2000 feet (Comj:'(.i?. Acad. d. Sc, Paris, 1843, 
T- 17, p- 388), a circumstance only to be explained by elevation. 

Lastly, in oldtm times the sea may have had no deep 
places, and only a middle depth of from 2000 to 3000 feet ; 
for all the high summits of older rocka are only the conse- 
quence of later elevations, but, on the contrary, all the rest 
of the oldest islands or continents do present themselves only 
as very low hills or even plains. 

When we construct a table of the values of the probable 
depths of the sea at different times on its shores, as well aa in 
the middle, we come to the following interesting results : — 

1st, When the deepest places of the ■primary sea were about 
2000 to 3000 feet., the middle value of the deepest places in 
the Trias and Jura periods was about 4000 feet; in the 
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chalk 8000 feet ; in the tertiary 16,000 feet, and in tbe older " 
alluvial and actual periods 18,00LI feet. Tlus furnishes 
with a kind of scale of value like that given by the subsi- 
dences in the seas during the alluvial period- I shewed 
{Proceed. Vienna Acad., 1850-51) that this last scale, ex?- 
pressed by the numbers 5, 10, 20, 30, 40, and others, corre* 
spends to the number of feet of the aubsidences. 

'2d, The poaaibility and impossibility of animal life under 
certain depths of water, conduce to the belief that the seas 
and their shores must have had always the same depths as 
now. Molluscs and zoophytes live, the first to a depth of 
600 feet, the latter to a depth of about 97G or even 1000 
feet, but their most common habitation is of far less depth. 
For example, the osti-ea lives only at the depth of from -10 
to 60 feet. In looking over the value of aea depths at the 
time of deposition of the various formations, we find for all^ 
times a depth of the aea on ita akorea only of 100, 2Q0, to G(^' 
feet in value. 

3il, Between these shores and the deepest places of the aea^ ' 
— Our table shews that this sea depth was always mor^> 
than 1000 feet, and from the time of Trias till later it ma^ 
have measured already 3000 feet. In the meantime, in the 
chalk and more recent periods, other values of depth may 
have added themselves to the former, because deeper valleys 
at the bottom of the sea shew more extensive inclined planes. 
According to this, we find that the sea had depths in the 
Jura period of 4000 to 5000 feet ; in the chalk period, depths 
of 4000 to 6000 or even 8000 feet ; in the tertiary timBS,, 
depths of 4000 to 20,000 feet; and in the actual peri. "' 
depths of from 4000 to 24,000 feet. 

4/A, We arrive, lastly, at the final result, that the vali 
of 1500 to 2000 feet expressed nearly the middle value 
the depth of the aea at all times, and that this depth mui 
have been about that of the sea, if not in the primary, in th( 
oldest geological periods. 

(/o be continued.^ 
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On An,iiit<^il and Vegetahh Fibre. 



On Animal and Vegetable Fibre, aa originally composed of 
Twin Spiral Filaments, in which every otJier structure 
has its origin ; a Note, shewing the confirmation by 
Agardh, in 1852, of Observationa recorded in the Philo- 
sophical Transactions for 1842. By Maetin Barry, 
M.D., F.R.S., F.E.S.E.* Communieated by tlie Author. 

When, in a paper " Oq Fibre,'' in the Philosophical Trans- 
actions for 1842, I published drawings of the cells of carti- 
lage and the cells of coagulating blood, the walls of which 
were represented as made up of fibre, it was said that I must 
have formed the fibre with chemical re-agents. My announce- 
ment at the same time, that this, as well as all other or- 
ganic fibre, ia originally composed of spiral filaments, num- 
bering invariably two, was considered as denoting " contorted 
views, not worth a moment's disputation." And my con- 
clusion, from what I had seen in large spirals, that the spirals 
of fibre, however small, contain the elements of futm-e struc- 
tures to be formed by division and snbdivision, to which no 
limits can be assigned, was ridiculed as " moonshine," and 
" a myth." Even Hervey's announcement of the circulation 
of the blood can scarcely have been held in more absolute 
derision. 

Before venturing to publish observations so opposed to 
existing views, I had of course extended my researches very 
widely ; so widely, that the paper in which they were made 
known contains the enumeration of more than fifty distinct 
structures of the animal body in which I had found fibre 
still presenting the compound form in question, and upwards 
of 150 delineations of it, as seen in animals and plants, from 
the'substance of the brain to the mould of cheese. 

It was soon said and published: " Dr Barry might as 
well have entitled his paper ' On the Spiral Structure of the 
Organic "World." "t To such a title, though suggested in 
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deriBion, I have elsewhere etated that I had no objection. 
Indeed, so far from this, I have published my thanks for it to 
the propostT, as nothing could have been mope descriptive of 
the results at which I had arrived. 

1 knew that nature had been faithfully represented in my 
drawings, unassisted by the imagination, and that I bad pulh'' 
lished no more than a simple record of observatioDB. U^-^ 
therefore could not be doubted that the day would come wbetti 
others would see what I had seen. 

That day has at length arrived. And it seems due to the 
Boyal Society, in whose Transactions the paper in question 
was published, as well as to myself, that I should thus pub- 
licly state the observations just mentioned, so long ridiculed 
as " moonshine," and " a myth," to have been fully confirmed. 
In a paper, " De cellula uegetabili jihrillh tenuieaimis 
contea:ta {Lnndix, 1852), it ia shewn by Agardb, from ro* 
seai*cbe8 in Conferva Melapimhini, Gri^f/ma equisetifoHtti, 
and Polpeiphottia complanat'i, not only that vegetable 
hrane ia formed by fibre, but that the fibre forming vegetable 
membrane has the very structure that has been so much 
ridiculed in my drawings, being composed of spirals, which in 
number he delineates as two.* Farther, he delineates each 
of tliese two spirals as dividing into a spiral fasciculus, bo 
that each fibre becomes converted into two fasciculi of spi- 
rals ;t thus demonstrating the truth of what I had said ten 
years before, that the spirals of fibre, however small, com 
the elements of future structures to be formed by division' 
and subdivision, to which no limits can be assigned. 

But my paper of 1842 contains a record of other observib" 
tions made in a field beyond the region of Agardh's ra- 
searches ; observations which I think explain /lOW it is that 
fibre forms the membrane of the cell, and what I deem of 
more importance still — the mode of origin of Jihre. I must 
here refer to the drawings in that paper, from which, in 
neotion with facts that I had previously recorded in the 
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topkical Traneactions, it appears — 1. That fibre has its 
origin in the so-called " cytoblaat," the outer part of which 
always passes into a ring or coil of fibre ; 2. That when a cell 
is to arise, its primary membranp is formed out of this ring 
or coil of fibre ; 3. That then the nucleolus of the " cytoblast" 
becomes the nucleus of the cell ; 4. That the ontep part of the 
nucleus of the cell also passes into a ring or coil of fibre, 
wherewith to form deposits such as the annular and spiral, 
or to weave the secondary membranes ; 5. That the term 
" cytoblast " is unsuitable, as the body so ealled does not al- 
ways become a cell ; 6. That fibre is thus more universal as 
well as more primitive even than the call, for fibre not only 
forms the cell, but it forms other structures without having 
first to form a cell ; 7. That the prime mover in botli the 
" cytoblast " and the nucleus is the uucUolus, which is the 
organ of absorption, assimilation, and secretion ; B. That the 
nucleolus is continually giving off its substance and continu- 
ally renewing it, continually passing from the state of nucle- 
olus into that of " cytoblast " or nucleus, — so that the " cyto- 
blaat" and the nucleus are each of them but the nucleolus 
enlarged ; 9. That it is therefore the nucleolus enlarged that 
passes into fibre ; 10. That the nucleolus always passes into 
fibre, and directly into no other form than that of fibre ; 11. 
That thus the whole organism arises out of nucleoli, for fibre 
is bnt the nucleolus in another shape, and every structure 
ajiaes out of fibre ; 12. That the nucleolus is reproduced by 
self-division, and that subsequently, when it has passed into 
theformof fibre, the mode in which the nucleolus gives origin 
to other structures is such as to imply even here the con- 
tinued repi-oduction of its own substance — that mode being 
aelf-division. 



Primary Membrane of the Cell, its mode of Origin — Secondari/ 
Membranes of the CM, their mode of Origin — Division of the 
Cell. 

With the exception of some from cartilage, there are no 
drawings in my paper " On Fibre " of 1842 that contribute so 
largely towards the solution of these three questions, as those 
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•f tli« " CTtoblast " Slid crils of coagnUtbiC blood-* 
fniUfr will be found to eoDtain drawtDgs -vrhicfa &fi)>rd ex- 
iun[rleit — 1. Of tlie blood-disc or "cytebUst" giving ori^ 
to a ring or coil of tibre for the formation, in some iostatico, 
of the primary membrane of the blood-cell, into wbdcb pri- 
mary ni«nibmo« it is actually seen passing ; 2. Of the nacleas 
of titc blood-cellgiringofffibre to form secondary membranes 
or other deposits ; and 3- Of division of the cell. The follow- 
ing appears to be the process effecting these three changes. 

The " cytoblast," so called, is at first an exceedingly mi- 
nute particle of the substance which, from its appearance, I 
have been accustomed t^ term hyaline. It enlarges, and at 
the outer part becomes finely granular. (There occurs 
ilepifnition of granules around it, as many have tma^ni 
It is soon seen ta be flat and elliptical. At Jirgt it is nev 
round, a fact of which my drawings in the Philonopkiaai 
Tranmr.tvm* for 1841 afford countless examples, though I 
believe I have never mentioned it before. t It becomes round, 
and is now in essentially ttie same stat« as a circulating 
imnnmifcrouB blood-disc (which also in all the Mammalia, as 
I long since shewed, is elliptical at the first). Its fioely 
granular outer part corresponds to that which is red in these 
blond-discs. When destined to form a cell it becomes in- 
vented hy a membrane. In order to the formation of this 
mcmhrftne, there occur the following changes ; — The pellucid 
centre, called the nucleolus, gives off globules. These glo- 
bules appropriate and assimilate the finely granular substance 
of tlio outer part of the " cytoblast " into which they wei 
oant, (Hid furnish the material out of which there is formed 
ring or cuil of fibre. Tiiis ring or coil of fibre passes m\ 






. * Id all vartebr&Ud animals tbo young blood-corpusde \f, n mere disc (" 
blut"). Id Mmaniftlfs \t circulates Id ttiis form, while in the other Vertel 
t( buaomea and circulate! ai a nucleated cell. (Thie was stated in mj [ 
"On rihre," tai,. dl., 1842.)^The evolution of red colouring matter forms oi 
the matt remarkaLlo chaogm in coagulation of the blood, anil of this coaguli 
the formation of fibre conititutea the leading part.— The nrrnogement of theoL- 
Holvgi hj the mttnimirerouB blood-dis™ in rolls like rolls of 
not* the tendency, not merely to form fibres, but to arrange 
t OlheirB have donorihed it merely as " lometimea oval, aud 
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membrane. The membrane thus formeJ, or rather forming, 
expands into the primo/ry membrane of a cell, leaving the 
nacleolus of the " cj'toblast " to become the nucleus of the 
cell.* 

The nucleus of the cell, too, has its pellucid centre or nucle- 
olus, performing an office juet the same as that of the nucleo- 
lusinthe "cytoblaat." The nucleolua gives off globules. These 
globules appropriate and assimilate the finely granular sub- 
stance of the outer part of the nucleus into which tbey were 
cast, and furnish the material out of wbieb there is formed a 
ring or coil of fibre. I saw the nucleus of the cell actually un- 
wicding itself as fibre ; and the fibre thus given off I followed 
from the nucleus to the cell-wall, were it was either weaving 
the secondari/ membranes,| or forming other deposits. 

Division of the cell is initiated by self-division of the nu- 
cleolus. The nucleus, which had been the nucleolus, is found 
divided into halves. J These two halves become two " eyto- 
blasts," which undergo the Mame changes as the parent 
" cjtobliiat." Tbey become in the outer part coils of fibre. 
These coils of fibre form the membranes of two young cells ; 
and the walls of these two young cells where in contact with 
one another produce a septum, dividing the parent cell into 
two compartments ; and thus explaining division of the cell.§ 

The much disputed questions iu vegetable physiology of 
the mode of origin of secondary membranes, and division of 
the cell, would have found a solution long before, had physio- 
logists paid due attention to the nucleus of the cell, first re- 
commended to especial notice by our illustrious fellow- 
countryman, Robert Brown. One conclusion regarding the 
nucleus they certainly did arrive at, but this was not until 
after it had disappeared ; and then they agreed in concluding 

* For illuBtrativB drawings in m J papar "On Fibre," sea those of manjblood- 
corpusolee ; for ineUncP fig. 6, and other figures In Plate V. Some figures of 

fibre. 

t Zbc. at., Plate X., Fig. 133, from cartilage of the ear. 

t Loe. tit., Plate X., Fig. 134, from a Beighbouring cell of the sami cartilage. 
S Lot. o(., Plate XI . Fig. 150. 
VOL. LV. NO. CS.^OCTOBER 1853. X 



y22 



Dr Martin Barrj' on 



Ui« nuuleus to have been — " absorbed." Notliiiig.Aa I 1 
abewD, could have been further from the truth. The DU^eua 
had ex/iaiuted iltdfin the furniation of fibre for secondary 
membranes (or other depOBits) and division of the cell. 

Thus there occurs no folding inwards of a " primordial 
utjicle'' for dirision of the cell, as maintained by Von MoU ; 
nor does there take pla«e for this purpose a diTision of tbe 
contejtte of a parent cell into two parts, around vjhich e(m- 
tentt are formed tbe walls of two young cells, as supposed 
by Nitgeli and Hofmeister.* 

Annular, Spiral, and other Fibrous Deponts in the V^atdt o^ 
Plant! ; — their mode of Origin. 

£ach of these I find to be originally a fibre of the twin spiralt 
form in question. Their mode of origin is therefwe al-i 
most implied by what has just been said regarding thft 
nucleus of the cell. Thus, when the nucleus becomes a ring^ 
the deposit is annular ; when the nucleus becomes an inci- 
pient coil, many of these unite end to end to form a long one ; 
which sometimes remains single, and sometimes divides and 
subdivides ; and if the divisions of such deposits, whether 
annular or spiral, be not continued but partial and irregular, 
we have the reticular form as well as an explanation of the 
supposed tendency in vegetable fibre to anastomosis, 
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The nucleolus is thus the essential part of both the " cjrto- 
blast" and nucleus. However inappreciable, it is never t^to** 
gether wanting. This nucleolus it is which, where cells 
producing cells, descends by fission from cell to cell. It ia.. 
the organ of absorption, assimilation, and secretion ; secrefe-' 
ing, for instance, the red colouring matter of the blood in the 
outer part of the blood-disc. It is continually passing from, 
the atateof nucleolus into that of nucleus; continually giving, 

• " Princi^iles c\f tho Auntomy and Phjeiology of Ihe Vegetable CelL' 
Hugo von Mohl, TranjUted by Arthur llaofrey, F.R.3., pp. 6ft-57. 
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off its substance, and continually renewing it." In the so- 
called cytoblast as well as in the nucleus of the cell, the nu- 
cleolus is the prime mover. It is more than the prime mover, 
for it passes into fibre. The " cytoblast" that forms a coil, 
aiiil the nucIeuB that unwinds itself like a ball of twine, 
really represent the nucleolus enlarged. The nucleolus thus 
enlarged passes into fibre ; and it passes into nothing else, 
it always passes into fibre. It is therefore not enough to 
say that the nucleolus is the prime mover. It is far more 
than this. The whole organism arises out of nucleoli. For 
fibre is but the nucleolus in another shape, and every struc- 
ture wises out of fibre. 

This reproduction of the nucleolus by self-iiivisioit, — its 
continually giving off its substance, and continually renewing 
it, — and its passing into fibre, which by the self division of 
its filaments forms the whole organism, — are facts which it 
waa impossible to become aware of, without being reminded 
of another fact, made known by my " Researches in Embry- 
ology,"t (bat the point of fecundation in the ovum is also a 
nucleolus, which after fecundation is likewise, and continues 
to he, reproduced by self-division. For in this continued 
self-division of nucleoli endowed with the properties in ques- 
tion, — this descent, as it were, of properties from one nucleolus 
to another, — there is to be recognized a fact, I think, not 
undeserving of notice in connection with the subject of re- 
semblance between the offspring and its parents. 



• This is Rn important point, oMentiiil tonn tinderstandingof tUe phjaiologj 
of eellB. Wben doacribing the " cytoblut'' Id a former paragraph oa nt Rtit 
inute pajllcli), I atalcii Chat there occurred do deposition of granules around 
a man; haji imagiDed. T)iey were right in aupposing a smaller body to 
exiat before the larger one, but wrong in imagining the larger body to arise 
from dflpoeltion of a aubstance around the smaller. Observers thought that 
r nucleolua in the " cytoblost" was identical with the previously existing 
■mailer body. It is not ao. The previously existing smaller body absorbs and 
Bisimllntes new matter and ffconies the " cyioblast.'' To Gome this difference 
■eem amali. It is far otherwise, and essential to an nnderatanding of tha 
properties of the nucleolui. (See my " Researches in Embryology, third series ; 
■ Contribiitjon to the Physiology of CelU," Phil. Tram. 18*0.) 
t i*a. TVaw, 1840, 
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Fibre is thus more primitive even tlian tbe ve\l ; for fibw 
forms the cell. It is more universal too ; for fibre, which I 
have just stated to be hut the nutleoUis in another ahape, does 
not always pass into the membrane of a cell, — it forms other 
structures without having first to form a celL* Hence, in 
this communication, when speaking of the "cjtoblast," I 
have frequently mentioned it as the " cytoblast" so-called, 
for the term is inappropriate, — this body does not olwayj 
become a eell- 



The two spiral filaments composing fibre, at first appeared 
to me to run in opposite directions, which I subsequently saw 
was not the case, — their direction is the same. This error I 
corrected in Miiller's A rchiv for 1853, in a paper On Muscle, 
which Professor Purltinje, Foreign Member of the Royal 
Society, translated into German, and communicated to that 
Journal, after I had convinced him of tlie twin spiral struc- 
ture of the muscular fibril ; an observation first announced 
in ray paper " On Fibre," Phil. Trans. 1842. For I found 
the muscular fibril to have a structure exactly the same as 
that of other fibre, and to be distinguished from it mainly by 
permanently retaining the twin spiral structm-e as an att^ 
bute of its function,t and presenting stages of controctial 
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» If all that we ore in the habit of olIinR cell 5 be entitloil to tha te 
ditTarence in these respects, however, can he hut eniBll. For if the 
of tbe meiubrane of the ceU implies the jirevioUB existence of fibre, tt is eqna 
certain tbat the exiBtence of <>t>re Implies the eiistcnce of tbe dewiti of eeUt ; 
fibre being mode up of these. (See an obserTatloD of mine recordsJ in my 
paper " On Fibre" of 1842, shewing large spirals in a certain state to be made 
up of cells; from which it follows that the spirals of fibre, however small, ara 
composed of the elements of calls,) Vet in the order of formstion fibre does 
to a certain eilent, precede the cell. Kor fibre maj be eonsidered folly-forined, 
though composed of oni? the eltmcnfi of cells ; but the formation of the cell is 
not complete, until its membrane haa arisen out of jully-foiintd fibre. Again, 
although the elements of the cell are not less general than fibre |fihre being 
compoBi^d of the elements of cells,) yet some sCruoturee are ^een to canslEt al- 
most entirely of fibre in which those elements have not formed cells. 

t Lilie all other organic fibre, however, the muscular fibril shews a ten dene j 
to pass into membrane. In some instances this tendencj is seen in muscle still 
endowed with contractile power, as in the Echinodennata, where the fibrils ha- 
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and relaxtition, That announcement of the spii-al structure 
of muscle has, of course, had its full share of the derision in 
which the paper in question has been held. 

Embryonic states of the Muscular Fibril mistaken by observers 
for the fully-formed Fibril. 

In their endeavours to reach the ultimate structure of the 
inuscular fibril, observers have actually gone too far, and 
reached the elements of a later generation. They passed over 
what really admits of examination — the mature fibril, and 
'arrived at what almost defies the microscope— the embryo ; 
mistaking and delineating for the fibril itself, a row of quad- 
rilateral particles, the mere elements thereof; mistaking for 
the chain, as it were, a row of half-formed links destined to 
compose the chain. I cannot wonder that in a row of quad- 
rilateral particles, no one could discern my twin spirals ! 
These particles are known to be hght and dark in alternate 
'order. They give origin to the twin spirals. And for this 
*purpo3e the dark particles undergo what observers have en- 
tirely overlooked, — division and subdivision, changes which 
1 figured in Muller's Arckiv for 1850,* as seen with a micro- 
scope of Plbssl, And I have lately confirmed the observa- 
'tion when examining muscle with one of Smith and Beck's 
microscopes along with Frolesaoi- Allen Thomson, to whom 
.1 refer, as having seen and delineated thedivisions and sub- 
vdivisions in question. As the quadrilateral bodies divide 
Imd subdivide, the resulting minute particles become so far 
dislocated, that they slide info positions for producing by 
their union the spiral form. 
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Oh the Penetratitm of Spermatozoa into tke Interior of t 
Ovum ; a Note, shewing this to Have been recorded at a 
Bstablished Fact, in the Philoeophical Transactions J 
1843. By Martin Barry, M.D., F.R.S., F.R.S.E. (R 
before tlie Rwjal Society of London, March 17, 1853-) 

A paper on " The Reproduction of Ascaria mystoM, b 
Henry Nelson, M.D.," published in the Philosophical Tram 
actions for 1852, contains the following remark : 
Martin Barry says, ' On one occAsion, in an ovum of S 
houro, I saw in the orifice of the membrane' (the estemsl 
membrane of the ovum) ' an object very much resembling a 

spermatozoon which bad increased in size 1 am not 

prepared to say that this was certainly a spermatozoon, but 
it seems proper to record the observation.' " 

Dr Nelson then adds: "Now, whether we believe DrJ 
Barry to have really seen the penetration of the spermar 
tozoon into the mamniiferons ovum, or whether h 
with Bischoff and most other distinguished authors, aadfl 
deny the correctness of Dr Barry's observation, as well i 
the possibility of any snch occurrence, the present inveft-fl 
tigations appear to be the first in which the fact of the pens- 
tvation of spermatozoa into the ovum has been diatinctlyH 
seen and clearly established, in one of the most highly organ*! 
ized of the Entozoa."* 

When he made this statement, Dr Nelson was evidentln^ 
not aware of what had been published on the subject. A.'l 
reference to the Philosophical Transactions for 1843, Part I., 
p. 33, will shew him that my announcement in 1840, which 
he quotes, that 1 had seen " an object very much resembling 
a spermatozoon" entering the ovum of the rabbit, was fol-^ 
lowed three years afterwards by a communication to thsl 
Royal Society, entitled " S2iermato,:oa obsen'cd within th^^ 
Mammiferous Ouum^' and recording as an established factL 
that I bad met with ova of the same animal, containing (tl 
number of spermatozoa in their interior ; a fact established 
not only by my own observatjona, but by those of othwH 
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For it will be found stated in that communication : " These 
ova were submitted to the inBpection of Profeasoi* Owen, aad 
I afterwards shewed one of them to Professors Sharpey and 
Grainger, all of whom RgreeJ that the spermatozoa were 
contained within the ovum." Dr Nelson will also find it re- 
corded in a note added to that communication in the Philo- 
sophical TratiEaciions for X843, while it was passing through 
the press, that I had seen the same thing a second time ; 
having met with several ova containing spermatozoa in their 
interior in another rabbit. An account of this second obser- 
vation he will also find in the Laneet of April 8, 1843, p. 53. 
And the Edinburgh Neiv Philosophical Journal for October 
1843, contains a drawing (Plate V., fig. 1.) in which seven 
epermatozoa are represented in the interior of an ovum, be- 
sides the statement {p. 21 2), that in one instance I had counted 
more than twenty spermatozoa in a single ovum.* 

Dr Nelson therefore was mistaken in supposing " the fact 
of the penetration of spermatozoa into the ovum" to have 
been first "distinctly seen and clearly established" by his 
own observations. He merely added a further confirmation 
in ova of an Entozoon, to what my researches on mammife- 
rous ova had enabled me to record as an established fact 
nine years before. 



Researches in Embryology : a Note supplementary to Papers 
published in the Philosophical Transactions for 1838, 
1839, and 1840, shewing the confirmation of the principal 
facte there recorded, and pointing out a correspondence 
between certain Structures connected with the Mammife- 
rouB Ovum and other Ova. By MARTIN Barrv, M.D., 
F.R.S., F.R.S.E.t 

Referring to bis account of the process of fecundation of 
the mammalian ovum and the immediately succeeding phe- 
nomena, published in various papers in the Philosophical 
2Vaneac(i<m8, the author calls attention to the confirmation 
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which his views have received from corresponding 
tinns made by subsequent inquirers on the ova of other ani- 
nials. He more particularly adverts to a recently published 
memoir liy Dr Keber, in which that physiologist describeB 
tlie penetration of the spermatozoon into tlie interior of tlie 
ovum in Unio and Anodonta, through an aperture formed 
by dehiscence of its coats, analogous to the mieropyle in 
plants. 

Small pellucid vesicles, lined with ciliated epithelium aadt 
inclosing a revolving mulberry-like object, such as the author 
discovered imbedded under the mucous membrane of the Ral 
bit's uterus, and described in the Pkiloaophical Transactionf} 
for 1839, have been likewise observed by Keber, not onl 
under the mucous membrane, hut also and mo$tt frequeotlj*, 
in some part of the cavity of the abdomen. Keber considers' 
these bodies to be fecundated ova. The author agrees with 
Keber in considering them to be ova, but be does not suppose 
them to be fecundated, nor docs he think that their 
brane is the vitellary membrane (" zona pellucida"), which 
he believes to have been absorbed. He considers such ova 
to have been detached from the ovary along with their con- 
taining ovisac, which in their new situation constitutes tbs 
ciliated capsule ; and as tliey present themselves in unimpre^ 
nated animals, he now believes that the formation of a mul- 
herry-like group of cells from the germinal spot, and 
process of division and subdivision of the latter, take pi; 
without fecundation; hut when this happens, the mulberry 
not found to contain one cell larger than the rest, the nu- 
cleus of which, according to his observations, is the embryo. 
He is further of opinion, that in all cases of separation of 
ova, the ovisac, or internal coat of the Graafian follicle, is 
detached from the ovary, either entire and along with the 
ovum, as in the instances alluded to, or after the ovum has 
first escaped by rupture, as in the instance of the fecundatei 
ovum. 

The author is led to the following conclusions with reft 
rence to the structures connected with the ovum in different' 
animals : — 1. That in the Mammaiia, the vesicle he described 
as the foundation of the Graafian follicle, and termed tha, 
ovis^tc, does not remain permanently in the ovani. but is 
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polled and absorbed. 2. That in the Bird, the ovum, wbeu 
escaping from the ovarj, is ftccompanied by the correspond- 
ing vesicle — the ovisac; and that the ovieac becomes ilt/e 
shell-membrane of the Bird's eiff/. 3. That the expelled and 
lost ovisac in the Mammalia therefore corresponds to the 
shell-membrane in the Bird. 4. That after the formation of 
the OYiun, the albuminous contents of the ovisac in the Mam- 
malia coiTespond to the albumen in the Bird's egg. 5. That 
the author's retinacula in the Mammalia, after all, find their 
analogue in the clialazte of the Bird ; and that both have their 
origin in the granular contents of the ovisae, which at an 
early period are in appearance just the same in both, 6. 
That the shell-membrane of the Bird is thus a primary cell. 
He then points out the position which, from his observa- 
tions, is to be assigned to the several parts of the ovnm in 
the language of " cells;" and shews the presence of a plu- 
rality of ova in a Graafian follicle to be referable to the same 
cause as that producing more than one yelk (ovum) in the 
Bird's egg. 



On tite Colour of Hair. By Dr Allen Dalzell. Commu- 
nicated by the Author. 

The colour of the hair, which, according to Griffith, was 
long . attributed to pigment accumulated in the cells of 
the medulla, depends upon one or more of three causes. 
First, on pigment granules ; secondj on diffused colouring 
matter impregnating the entire tissue; and third, on the 
presence of air spaces within the fibres of the shaft. To 
these might be added the nuclei of the cells themselves, 
which, however, where pigment granules are present, are so 
surrounded by them, as to be scarcely, if at all, discernible, 
But where their isolation has been effected by boiling with 
moderately dilute caustic potash, they are shewn as dark 
bodies of an elongated form. 

The colour of the hair corresponds in nt ns t t that of 
the iris ; as, for example, auburn with bl and hla k with 
the darker tints. Nor are these relation at II h d to the 
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human species, although especially remarkable in the Albiw), 
whose choroid is destitute of pigment, and hair either very 
pale or entirely white. 

Many observers Lavedeacribed the granular pigment whick 
fiorraa the first class of colouring maiter, as if it was situated 
in interspaces of the fibres. I have, however, assurad myself 
of the faet that pigment is never lodged exteriorly in tha 
cells, but always in some part of the interior, as may be 
plainly seen in the hairs of some cervi, where the entire cells 
are dry and empty, except of traces of colouring matter which 
adhere to their walls. Changes, during the growth of hair, 
often take place at regular intervals in the colour and amuant 
of these deposits. This is seen in the hairs of many of the: 
Quadrumana and Carnivora, to which classes it is, howerep, , 
by no means condned. 

In many Iiaira, the colour is uniform or diffused. Moat 
animals have hairs of this kind ; good examples may how- 
ever be found in the short hairs from the face of the Hare, 
in the Tapir, and yellow Bear. 

Air spaces in Hie shaft. — These cavities, from containing 
air, refract light beyond the field of the microscope, and thus, 
like the cells of the axis, give the idea of colour; these are best 
seen in white hairs. Some authors have described them as 
fat granules. This is inaccurate, for, on boiling with etherof 
turpentine, they become filled with the fluid ; and even when 
treated in a menstruum, which does not dissolve fat, they 
lose their refractive properties, and retain only their gene- 
ral outline. They are empty cavities situated in the cells of 
the shaft, produced, as Kiilliker supposes, by the absorption 
of its granular pigment ; for they are not found in any haip 
originally colourless, but only in such as have become sa 
from some cause affecting their vitality. I examined a hair 
with one extremity entirely white, the other unaltered— -the 
former part I found filled with air ceils, the latter pigment 
cells. 

Changes m the Colour of Hair. 

The change of colour in the hair is well seen in the com- 
mon Alpine hare, and in many of the Mustella, in which the 
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fur becomes white on the appi-oacb of winter. With a^, 
also, its colour disappears, and very generally, though not al- 
ways, with the loss of its pigment, the vigour of this append- 
age declines. The ha,ir is frequently tinged by the absorp- 
tion of matenals inti-odnced along with the food. The baira 
of a rat taken from a ship with a cargo of logwood were ex- 
amined, and they were found to be deeply coloured witli the 
dye. The Chinese have long enjoyed the credit of being 
able to alter the colour of the hair by the administration of 
certain drugs, either from white to coloured, or fi*om one 
colour to another. At this moment, I know a gentleman in 
Paris who has for some years been engaged in the investi- 
gation of this curious subject, which the following incidents 
will sufficiently illustrate. 

At one of the meetings for 1 839 of the Society Pbilomatic 
of Paris, the case of M. L'Abbe Imbert was detailed. He 
left for China in 1823, carrying with him a luxuriant crop of 
carroty locks. His friends in the celestial empire fearing, 
on that account, bis detection as a foreigner, and his conse- 
quent expulsion from the country, shut him up on his arrival, 
and, by an internal course of constitutional treatment, speedily 
turned to black the hair on every part of his body. 

At the same meeting, the case of the Abbe Voisin was re* 
lated by M. Roulin. He bad white hair on his arrival in 
China, but was subjected to a treatment consisting of internal 
remedies only, the result of which was, that it permanently 
became black. 

Under no less creditable an attestation than that of Vel- 
peau, we are informed that the hair of M. Rochoux changed 
from white to black ; in this case, however, without the aid 
of any medicament, merely by the re-absorption of that co- 
louring matter which bad been temporarily destroyed. I 
had an opportunity last autumn of observing the effect of a 
chronic attack of jaundice upon a relative of my own, whose 
hair was white, but became distinctly coloured with the yel- 
low colour of the bile. Bush mentions the hair from the 
tattooed chin of a New Zealand chief being coloured with the 
pigment introduced into the skin. 

But the most singular instanet'S of change in colour are 
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ihouQ rapid, almost surlden processes, by whicb, in ti 
of a few Lours, the colour of the hair ia destroyed. Suck 
phenomena become more wonderful when we remember that 
even ttie strongest acid scarcely, if at all, uffeets the pigment 
of the hair; that the caustic alkalies dissolve, but do sot 
destroy it, and that none of the organic acids (so far as I am 
awarej, not even the formic, causes it to disappear. A 
stronger evidence in favour of its independent vitality can 
scarcely be found ; nor do I understand how such facts caabe 
accounted for on any other hypothesis than that of a per- 
meation of fluids among the fibres of the shaft. Yauqnelin 
attributed its disappearance to au acrid secretion from tbe 
follicle ; Henle to a molecular change iu the elements of tbe 
hair itself. Grief, fear, and other emotions, are well known 
to alter the character of the secretions, and such mental 
conditions are also known to have been the proximate causey 
of these sudden changes in the hair. The hair of a lady, in 
my own family connection, from some distressing circum- 
stances which deeply affected her, became gray in a singly 
nigbt. A medical man in London, less than twenty yearn 1 
ago, under tbe fear of bankruptcy, had his dark hair so ' 
changed in the same period, that his friends failed to recog- 
nise him ; but the colour in this instance returned as his 
worldly prospects revived. M. Routin states that a friend 
of his, terrified by the prospect of losing his fortune, had the J 
bair on the side on which he reposed turned to gray in a.1 
single night. — (From an Inaugural Dissertation on the Gm 
neral Integuments of Animals and ikeir Appendages, 1S5^ 
r/ite Dissertation gained the gold medal in the Universi^ o_ 
Edinburgh.) 



Some account of the Proteus anguinus. By J, C. Daltoi^ I 
Junior, M.D. 

In the Austrian province of Carniola there are a large num- 
ber of grottoes, the two most remarkable of which are in the 
immediate vicinity of Adelsberg, a small post-town about 
thirty-five miles inland fi-om Trieste. The larger of these* 
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which is the only one usually visited by travellers, and whicli 
is justly celebratpd for the extent of its passages, and for 
the elegance and variety of its stalactites, has ita entrance on 
the side of a hill, about fifteen minutes' walk from the village. 
It is called by the inhabitants the " Grotto of Adelsberg." A 
small stream flows into its mouth, but disappears after a 
short distance through one of the nnmerouB chasms which 
open into the principal passage. The grotto penetrates the 
hill in a nearly horizontal direction, and can easily be fol- 
lowed for a distance of one or two miles. It has also been 
explored for nearly twice that distance, but the passage ia 
difficult and dangerous, and its termination has never yet 
been reached. In the waters of this cavern there are found 
occasionally a few crabs and fishes, of the same species as 
those met with outside, and which have been carried in by 
the stream that enters at its mouth. There is, however, 
another grotto, situated about a mile farther from the town, 
called the "Magdalena Grotto," the waters of which contain 
the curious species of reptile known as the " Proteus 
anguinus." This is the only place in the vicinity of Adels- 
berg where the animals are met with; and though they ex- 
ist also in other parts of Carniola, they are more abundant 
in the Magdalena Grotto than elsewhere. 

Unlike the " Adelsberg Grotto," this cavern receives no 
stream at its mouth, and penetrates the hill in a steep down- 
ward direction, instead of horizontally. After descending 
for about fifteen minutes, by an exceedingly rough and irre- 
gular passage, partly rocky and partly covered witli soft 
mud, the visitor comes to a pool of still water, varying from 
12 to 18 feet in depth, according to the season, beyond 
which the cavern cannot be explored. It is in this pool that 
the Proteus is met with. The water apparently communi- 
cates with that of the Adelsberg Grotto ; as it is always 
turbid wlien the latter is so, and vice versa. Both caverns 
are, of course, perfectly dark, and can be explored only with 
torches. The temperature, in the latter part of August, was 
about W to 50° Fabr., and probably does not vary much 
throughout the year. It is certain, at least, that in winter 
it is much higher in the interior of the gi-ofcto than outside. 
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The Proteus ib taken in small hand nets hy the peaaants, < 
iratch for the animal as he lies almost motionleas near th« 
bottom of the pool, and capture him by a sudden motion 
the net. They are not very abundant, lioweTtr, and as they can 
be taken only when the wnter ts perfectly clear, it is seldoi 
that more than fifteen or twenty are obtained during the coi 
of a year. The animals should be kept afterwords in obscuntj 
and at a temperature as nearly as possible i-esembling thi 
of the grotto. It is necessary, also, to change the water 
which they are kept regularly every day. With these pi 
cautions it ia said they may he preserved alive for an 
finite length of time. I have myself kept one of them tv 
several weeks without giving it any food, and at the end 
that time it was as active, and nearly as well conditioned 
ever ; only the branchiGB had become somewhat smaller, 
am told by M. Fitzinger, the superintendent of the depart- 
ment of reptiles in the Vienna Zoological Museum, that they 
have been kept at the museum for over six years, without 
any other food than the organic matter usually existing ii|D 
fresh water. 1 

It is very commonly believed that the Proteus is foun^ 
only in the Magdalena Grotto. This, however, is an error, 
as it appears, by a report of M. Fitzingor's to the Imperial 
Academy of Sciences, in October 1850, that there are nolesa 
than thirty-one different localities in which the animal 
said to have been found since it was first discovered in 1 751 
M. Fitzinger himself has seen specimens from eleven dii 
ferent localties. Of these the Magdalena Grotto suppli 
much the greater number, viz.,312outof 479. Therepi 
states that, in almost every instance, the animals cominj 
from different grottoes, present such striking peculiaritiee in 
size, colour, and shape, that they cannot be considered as be- 
longing to the same species. Accordingly, he rejects the old 
name of Proteus anguinus, and adopts instead the generto 
name " Hypochthon." In this genus he comprises seven 
different species, as follows : — 
Hypocbtlion Zoisii. Hypochthon Laurentii. 

Schreibersii. ... Xanthostictui 

Freyeri. ... Carifirae. 

Haidingeri. 
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Six of these species ai'e found in various grottoes of Car- 
DJola, and the seventh in Dalniatia. Two different species 
never exist together in the same locality, though sometimes 
the same apecies is found in more than one grotto. One of 
the principal marks of distinction is their size, the maximum 
length of the different species varying from 9J to llj inches. 
The tint of the skin is in some species more rosy, in others 
yellowish ; the head is also pear-shaped, triangular, or more 
globular in form. The eyes also are more distinctly visible 
in some speciesthan in others, and vary somewhat as to their 
situation. 

Thebody of the animalis cylindrical, like that of an eel, with 
its posterior portion compressed laterally into a kind of verti- 
cal membranous fin. There are four extremities, the an- 
terior three-toed, the posterior two-toed. The posterior are 
considerably smaller and more feeble than the anterior. The 
first circumstance which strikes ths notice of the observer 
is the almost entire absence of colour, and the transparency 
of the tissues, which allow the cutaneous and subcutaneous 
vessels, and even the veins and arteries of the extremities to 
be perceived without difficulty. The heart can be distinctly 
seen through the skin at the anterior part of the neck, beat- 
ing 48 or 50 times per minute. The dark colour of the liver 
also shews through the integument very plainly on the under 
surface of the abdomen. The whole aspectof the animal re- 
minds one very strongly of the fcetal condition of the higher 
vertebrata, particularly about the extremities, where the 
transparency of the integument shews to best advantage. 
Notwithstanding, however, its delicacy and apparent feeble- 
nesa, its motions are occasionally very rapid and energetic. 
They consist of swift undulating movements of the oel-Iike 
body and tail. The limbs are nearly useless during rapid 
progression, and remain almost motionless, applied to the 
sides of the body. It is only in the slow motions of crawling 
and turning that the extremities are used, and then only in a 
feeble and imperfect manner. The gills, three in number on 
each side of the neck, are in the form of long tufts, each prin- 
cipal stem being divided into six or seven branches, and these 
again subdivided into fine twigs. When the Proteus 13 



Dr Dalton jm 



1 the P<-oUu» angainia- 



I, and or luH 



in rapid motion tbey become distended witb blood, 
brij^ht scarlet colour, contrasting finely with the light jH- 
lowish indefinite hue of the rest of the bodj'. In a state of 
rest, however, they are often perfectly pale, like any other 
part of the surface. The animal occasionally lifts its head 
aboTe water, and takes in air by the mouth or nostrils, which 
after remaining Bome time in the lungs, is expelled thron|^ 
the bronchial fissures in the sides of the neck. Notwil 
standing this frequent respiration of air, however, and 
large size of the lungs, the pulmonary respirati 
imperfect one, and altogether secondary to the bronchial. It 
is said that in a moist and cool place, as, e. g-, uq the floor of 
the Magdalena Grotto, the Proteus can live many houra^ 
carrying on its respiration by the lungs, and through the skil 
only; but in a warm apartment, it expires in a few 
after being taken out of the water, particularly if the skin 
wiped dry, as I have myself ascertained by trying the expe- 
I'iment, Over the whole surface of the skin, from the anterior 
part of the bead nearly to the end of the tail, there are mi- 
nute punctiform openings, the orifices of cutaneous follicles, 
which exude an abundance of transparent colourless mucus. 
The peritoneal cavity is also filled with a similar exudation. 
There are but few peculiarities about the skeleton. The 
bodies of the vertehi'sB are articulated to each other by con- 
cave surfaces as in the fishes, instead of one of the articulat- 
ing surfaces being concave and the other convex, as is tho ge- 
neral rule among reptiles. The anterior extremities consist of 
a cartilaginous clavicle and scapula, fused into a single piece, 
a humerus, radius and ulna, three carpal pieces, and three 
digits, the two inner ones of which have three phalanges each, 
and the outer one, which is shorter, only two. The posterii 
extremities are supported hy a simple pelvic ring, reBtiiij 
against tiie sides of the vertebral column. They are coi 
posed of a femur, tibia and fibula, a tarsus composed of three 
pieces, precisely similar to those of the carpus, and two digits 
of three phalanges each. All those parts are entirely earti- 
Itiginous, or so slightly ossified that it is difficult to be sm 
whether thei'e is any true bony formation or not. The snoi 
is rather broad and thick. The nostrils open on the undi 
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surface of the upper lip, &b in Lepidosiren paradoxa. They 
9^e oontinued into a cylindrical niembraoouB canal, something 
iesa than a third of an inch long, situated in the thicknesB of 
■the lip. There is a long row of fine sharp conical teeth in 
boti upper and lower jaw ; and in the upper there is also a 
Becond much shorter row, in front of the first. The tongue 
is erroneously stated by R. Wagner (Comp. ^Inai., Vertebrata) 
to be wanting. It is, on the contrary, very easily seen ; about 
one-eighth of an inch long, but consisting only of mucous 
membrane and adipose tissue. The animal has the vertical 
fitomach and short intestinal canal of the allied genera. The 
anus is a longitudinal slit, just behind the junction of the 
posterior extremities with the body. The liver is a long, 
lobulated organ, wrapped round the stomach and upper part 
of the intestinal canal, and extending neai-ly two-thirds the 
whole length of the abdominal cavity. The heart, inclosed 
in a pericardium, is composed of a single auricle and ven- 
tricle. The arterial trunk arising from the ventricle is par- 
tially converted into a double canal by an imperfect longi- 
tudinal partition. It sends off, on each side, three branchial 
arteries, and the returning branchial veins unite imme- 
diately below the situation of the heart, to form a single 
descending aorta. The lungs are simple, elongated, thin 
membranous sacs, secured by a fold of peritoneum against 
the posterior abdominal wall, and somewhat unsymmetri- 
cally developed. The left runs down, from its opening into the 
cesophagus, nearly three-quarters the whole length of the 
abdominal cavity ; the right but little over one-half the 
length. The blood globules of this animal have been long 
known to be remarkable on account of their large size. They 
can be easily found almost unaltered in the bloodvessels, 
and particulai-ly in those of the gills, even in specimens which 
have been kept for a long time in spirit. They are of a flat- 
tened oval shape, like those of the frog, with a central, white, 
granular, roundish nucleus, also somewhat flattened. The 
length of the globules varied, in the specimen examined, from 
•0016 to '0023 inch. The breadth is usually -0013, and the 
thickness ■0003. As this last measurement is exactly the 
diameter of the human blood globule, some estimate may be 
VOL. LV. KO. ex. — OCTOBGR 1853. T 
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roade of the difTereoce between tliem. Tfae mnBcnl&r fibres 
of the body are altio very large, and very distinctly ftinated. 
Their diameter varies from 0019 to 0036 inch. The nenre- 
fibreBwero not remarkably large, those from thefacial measor- 
ing only 00027 inch in diameter. 

The two most interesting peculiarities of the animal, t^cen 
in connection with its subterranean mode of life, are the 
colourless condition of its skin, and the imperfect dcTclop- 
ment of ita visual organs. At first, the eyes seem to be al- 
together wanting; but, on close examination, they may be 
discovered, in the recent stat«, as two minute blackish points, 
situated about the junction of the anterior and middle thirds 
of the head. When the animal has been preserved in spirits^ 
it is sometimes impossible to distinguish them until the in" 
teguments have been removed. They are then found lyinjt 
immediately beneath the skin, imbedded in a small quantity 
of adipose tissue. In an individual measuring 8f incfaea in 
length, the eye-ball was s'^th of an inch in diameter ; andtlie 
optic nerve, just before joining the globe, sl^d of an ineb. 
Notwithstanding its minute size, however, the eye is suffi- 
ciently well developed as to its structure. The sclerotic is 
covered with brownish spots, mostly hexagonal in shape, and 
which are more thickly crowded and deeper in shade just al 
the margin of the cornea, where they form a blackish rin^. 
The crystalline lens is globular, and y Isth of an inch in diame- 
ter. There were some appearances of a nearly colourless 
iris lying behind the cornea, but the parts were so minute 
that I did not succeed in ascertaining its existence by dis^ 
section. Tlie brain is pretty well developed, though less a&' 
than in other allied genera ; and notwithstanding the imper- 
fect condition of the eyes, the lobes which, in the brain of 
reptiles, are usually considered as representing the Tuber- 
cular Quadrigemina, are of very considerable size. The 
brain of the Triton cristatus, another naked amphibian, with 
large well-developed eyes, differs from that of the Proteus 
■imply in being rather larger in comparison with the size of 
the animal, and in having a somewhat greater proportional 
development of the hemispherical lobes. The following are 
the longitndinal measurements of the brain of a Triton et 
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talua 6j inches long, and that of a Protewa anfftiinus 8| 
incheB long : 



Henibpherical lobes, 
Tubsrcula Quadrigemina, 
Cerebelluin, 



nillimetrea. 4J miUimetrea. 

n „ 2i „ 

U ., U ., 

The two brains could hardly be distinguished from each 
other, except for the fact that the olfactory nerve in the Pro- 
teus runs forward for some distance as a trunk along the inner 
Bide of the membranous olfactory canal, while in the Triton 
it breaks up into branches immediately on leaving the ante- 
rior extremity of the brain. 

It will be seen that the suppression of the visual organs in 
tlkeae animals is not by any means complete. There are, 
however, other creatures existing in the same localities with 
the Proteus, in which the eyes ai-e altogether absent. Two 
Species of Crustaceans are found in the caves of Carniola, 
viz., Pakemon anophtJialmus and Titanethes albtts, both of 
which are colourless, diminutive in size (not more than one 
inch long), and, so far as they have been examined, entirely 
destitute of eyes. They are supposed by some to be the na- 
tural food of the Proteus. I am informed by Mr KoUar, of 
the Vienna Zoological Museum, that a species of spider, en- 
tirely blind, has also been discovered in the same caverns. 

There is much resemblance, in regard to the condition of 
the eyes, between the Proteus and Lepidosiren paradoxa. In 
the two specimens of Lepidosiren dissected by Prof. Bischoff, 
and described by him in a monograph on the subject, the eyes 
were " hardly a line in diameter," though one of the animals 
measured over three feet in length. The opening of the eye- 
lids is wanting, also, in Lepidosiren as in Proteus, and the 
eyeball is completely covered by the integument. So little is 
known, however, of the mode of life of Lepidosiren, that it ia 
impossible to determine whether the cause of the imperfec- 
tion be the same in both animals. . 

Very little is yet known with regard to the mode of repro- 
duction of the Proteus ; and particularly it is altogether un- 
certain whetlier the animals are oviparous or viviparous. Dr 
Joseph Hyrtl, Professor of Anatomy at the University of 
Vienna, states that he has found, at the extremitv of the ovi- 
'y2 
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duct in the Proteus, a gland which exists elsewhere only 
the oviparous species of the naked Amphibia; so that the 
Proteus is probably (ilso oviparous. But nothing more defi- 
nite has been discovered- One German observer (Vi 
Sclireibers) endeavoured to ascertain this point by examin- 
ing specimens of Proteus, taken from tbeir caverns at every 
season of the year ; but, according to Herr Pitzinger, he only 
succeeded in finding the ovaries unusually developed in a fe^ 
instances. H. Pitzinger himself has met with the ovarie«| 
in a state of active development in only one instance ; am 
up to the present time, according to him, neither ova 
embiyos have ever yet been discovered in the oviducts. 

Tlie female generative organs consist of two elongated 
sacciform ovaries, situated at the posterior part of the abdo- 
men, directly in front of the kidneys. In the specimen meafluiv 
ingSjiuches totallength, in which the generative organs were 
in a state of qaiescence, the right ovary was 098 of an inch 
long, the left somewhat smaller. The cavity of the organs 
was lined by a mucous membrane, beneath which was to be 
seen the whitish, globular, nearly transparent ova, varying 
in diameter from ^'nth of an inch downward. The oviducts 
were a pair of slender and perfectly straight tubes, which, 
commencing by a wide aperture at some distance anterior t» 
the ovaries, and running down on the outer and posterior as- 
pect of those organs, opened into the cloaca, just above the 
orifices of the ureters. 

In another specimen, however, obtained at the Vienna . 
Museum, the organs were in a high state of development. 
The right ovary was 1-75 inches, the left 1-64 inches long [ 
and they contained, together, 66 roundish opatjue ova, of a 
deep yellow colour, and evidently just ready to be discharged. 
Their average size was a little less than Jth of an inch in di- 
ameter. The oviducts were much larger than in the other] 
specimen, and exceedingly contorted, so that they must haTfri 
attained two or three times their ordinary length. None of 
the ova, however, had yet left the ovaries, so that nothing',' 
new could be learned with regard to the question of viviparit; 
— (American Journal of Science and Art, vol. xv.. No. 
2d Series, p. 387.) 
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ReaeaYckea on Granite. By A. DELBasB.* 

[From the special study of the granitic rocks of the Vosges 
Mountains, the author has made some generalizations of 
great interest upon the relation of the proportion of silex, 
and of the nature of the mica, to the age of the mass and to 
its circumstances of crystallization, also upon the varieties of 
feldspar.] 

There are in the Vosges at least two types of granite, dia- 
tinguishahle by their mineralogical constitution and geologi- 
cal position. 

The first is the granite of the Ballons ; it forms the sum- 
mits and the central part of the ridge of the Vosges ; its 
greatest development is between Sainte Marie aux Mines 
and Guehwiller ; it contains quartz, orthoae, feldspar of the 
sixth system, dark mica, and sometimes iiomblende. 

The quartz is hyaline, and of a gray colour ; it is most 
abundant in the higlily crystalline varieties ; those varieties 
which are porphyritic and least crystalline contain little or 
BO quarts, the greater part of the silica having remained in 
combination with a feldspathtc paste. 

The orthoae is the preponderating mineral of this granite. 
It is white or reddish -yellow ; both kinds, containing oxide 
of iron, turn red by alteration ; it sometimes becomes green- 
ish, and by decomposition passes into a halloysite. The or- 
thoae is the moat persistent mineral of this granite ; its crys- 
tals sometimes attain a decimeter in lengtli : the analysis 
of three specimens from different localities gave the follow- 
ing result : — 
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The proportions given in this table differ hut slightly from 
each other or from previous determinations ; orthoae ia then 
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a mineral wboae composition is very coastaot, and iodepeD- 
dent of that of the rock tn which it is produced. 

The gi'anlte of the Balions contains also a feldspar of Uie 
sixth syatem ; its colour on a fresh fracture is greenish ; it 
is translucent, and has a greasy lustre; its crystals aiiew 
parallel stris, which characterize the isomorphous feldspars < 
of the sixth system ; it becomes red by atmospheric altersr- ■ 
tion, afterwards white, and the mineral passes into kaolins.! 
The analysis of it gave the following composition : — 
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It contains less of silica and of alkalies, with more of limeJ 
than oligoclase ; moreover, its atomic proportions of oxygen 
are very nearly that of andesite. This strengthens a remarlc 
I have made before, that all the feldspars of the sixth system 
are isomorphous, and that their proportions of silica may 
vary indefinitely between that of albite and that of anorthite. 1 
This feldspar of the sixth syatem occurs in the most crystal- J 
line granite, and appears also to he especially associated with-J 
hornblende. 

The granite of the Ballons contains bnt one mica, of a daxk.l 
colour, with sometimes a greenish shade. In the polariscopa T 
of Amici it shews two optic axes, forming a very small angle. ^ 
Its dominant bases are magnesia and iron ; it is affected by | 
hydrochloric and sulphuric acids. 

The accidental minerals of this granite are hornblende, i 
ephene, zircon. 

It is very little broken or veined. The mean composition^ 
of some of its varieties are — 
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The loss of silica is replaced by alumina and lime. Theae 
variations depend very mueli (aa I have proved elsewhere. 
Bull, de la Soc. Geol., 2d S^r., vol. ix., p. 464) upon the posi- 
tion in the mass, the more central and elevated being the 
more siliceous, and upon the nature of the rocks in junction. 

The second type of granite is the granite of the Vosges. I 
group under this name the varieties which have been called 
common granite, leptynite, and gneiss. 

Its essential minemJs are quartz, orthoae, feldspar of the 
sixth system, two micas — a dark and a bright. 

The quartz is in grayish-white grains. The orthoae is the 
preponderating mineral ; it occurs in minute lamellae or 
grains, the analysis of which gave — ■ 

Silica, 66-08 

Alumina and traces of peroxide of iron, 18'70 

Oxide of manganese, . , . trace. 

Lime, 0-93 

Magnesia, 0-45 

Soda, 3-77 

Potash, 9-11 

Sum, . . 99-04 

The large amount of silica is no doubt due to quai-tz me- 
chanically mixed. 

Orthose and quartz are found in the most degraded varie- 
ties of this granite. 

* The dots indicnte Chat the quantitdtire d«termiaBtio& mhg nut made. 
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Tbe feldapar of the sixtli system is rare, and only found in 1 

the moat cryatalline varieties. 

The granite of the Vosges, altliough ite grain is iioe and I 
its mine rnl generally smaller than those of the porphyritic j 
granite, contains no feldspathic paste. Its essential charac- 
ter is to contain two micas, tlie one dark, tJie other bright. 
The fii-at ia identical with the mica of the Ballons. The 
second is silver-white or violot-gray ; its dominant base is 
potash ; it resists the action of sulphnric and hydrochloric 
acids, and is altogether the same as that I have described be- , 
fore as occuiTing in the veins of pegmatite {Ann. dee H£bie»^ 
4th ser., vol. xvi., p. 100). The clear is less abundant tbsi 
the dark mica, and is less uniformly disseminated. 

The accidental minerals are garnet, pinite, and, in the? 
Bchistoae varieties, hornblende, graphite, fibrolite. Some ml?fl 
neraU of subsequent origin are common to the two granite^ 
as chlorite, carbonate, and oxides of iron, heavy spar, flm 
spar, &c. 

The granite of the Vosges ia very much fissured and cnt 
up by veins and lodes. Its density is about that of quarti, 
and is less than that of the granite of tlie Ballons. Its ave- 
rage composition may be computed ft-om the accompanying 
table : for each analysis a large mass of the stone was i 
duced to powder, and the assay taken from this. 
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The phenomena of the rock veinB in the masses of granite 
ftre rather complicated. 

These veins appear generally to have formed at the time 
of crystallization of the granite ; their great richness in quartz 
favours this opinion, it being the last mineral of the rock to 
remain in a fluid state. 

The granite of the Vosges forms smaller eminences around 
the bosses of the Eallons, and is itself covered by stratified 
rocks, into which it gi-aduates by inaenaible degrees. The 
granite of the Eallona has evidently penetrated with violence 
into the granite of the Vosges ; this is well seen at Meha- 
champ. In some places the junction of the two is not dis- 
coverable. 

Of these rocks, then, that containing the smaller propor- 
tion of silica and the greater of alumina is the more recent. 

The distinction of two granites in the chain of the Vosges 
is not of mere local interest ; the remark may be extended 
to most granitic regions, of which I will only mention the 
right bank of the Rhine, Normandy, Brittany, Auvergne, Ire- 
land, &c. 

The general application of the above observations shews 
that the same geological phenomena are reproduced after 
long intervals of time and in widely separated districts. It 
is not then surprising that we should find in most granitic 
regions two granites ; the one poi-phyritic, and containing 
but one mica; the other granular (grenu), and containing 
tvio micas ; the former being the more recent, and generally 
poorer in silica. 



On the Paragenetic Relatione of Minerals. 

(Continued from vol. Iv., psge 106.) 

(A.) Congeneration Lodes are those which bear only the 
same kind of minerals as constitute the adjoining rock. The 
most remarkable are those of granite, and some quartz veins 
in mica and clay slates. It is very probable that such lodes 
or veins do not differ much in date from the rocks which they 
traverse. They do not possess any great importance. 

(B.) Lodea or Veins formed bi/ Lateral Secretion.—The 
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There are, Indeed, circumatauceB which 
it probable that it has beeu introduced into the fissures from 
below. And again there is no reason for assuming that tiu 
is not one of those elements whidi may have remained at a 
considerable depth below the surface during the forotatiun of 
the earlier rocks. 

(C.) Lodes formed bi/ Eruption. — Three different modes 
of eruption must be admitted in any general theory oC 
these lodea : 1. The eruption of melted or at least paat^ 
masses ; 2. The eruption uf solutions ; 3. Sublimation. Lode» 
which have originated in the first of these modes do not 
present the peculiar banded structure observed in most 
others. Springs upon lodes are by no means uncommon, 
and moat of the true mineral springs of any particular dit 
trict are so situated, that their origin from a lode of soi 
kind is very probable. The formation of lodes by sublimi 
tion may sometimes be observed at the present day on vol 
canic mountains. Thus, for instance, during an eruption 
Vesuvius in 1817, a fissure of more than three feet diametei 
was filled within the space of ten days with specular iron orei 
deposited from the vapoui* of chloride of iron evolved. Th^ 
lodes of red hematite in the Upper Erzgebirge may have ori- 
ginated in a similar manner, although more slowly. 

Manganese lodes are perhaps likewise deposits from super-J 
fluoride or chloride of manganese. Silica and the few sill' 
cates may have been introduced by aqueous vapour, Bischi 
is of opinion that metallic silver has originated from silvei 
glance by the abstraction of sulphur by steam. 

The principal grounds for the ascension theory are, — 1, 
The minerals of lodes are chiefly such as in a chemical point 
of view can only have been formed in the wet way; but, 
judge from their constituents, are neither products of surfac« 
water or of the extraction of the adjoining rocks. 2, Certai 
minerals are not unfrequently found in druses of the lodei 
covering or implanted upon the underneath surfaces of crys- 
tals, Thus, for example, at Lobenatein the rhombohedroni 
of spathic iron have a double covering ; that on the under 
surfaces being clear auicular quartz ; that on the upper siip- 
faces clay, and these latter, when washed, have a less brilliani 
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lustre than the under onea. At Nngyag (Transylvania) me- 
tallia arsenic sits only upon the lower surfaces of rose spar. 
3. Lodes are generally larger and richer in ore the greater 
the depth. 4. Lodes which do not crop out can only have 
been derived from the earth's interior. 6. Fragments of 
rock torn from the aaalbands are found above the places from 
which they have been broken. 6. Sublimed substances must 
have come from the interior. 7. Substances have been in- 
troduced from the lodes into the adjoining rock, sometimes in 
considerable masses, which appearquite foreign to it. 8. Even 
the very frequent banded structure of lodes indicates their 
origin fi*om below. 

It cannot be doubted that in many instances some of the 
constituents of minei'als in lodes have been derived from the 
surface. This is strikingly evident with regard to tlie phos- 
phates, many of which are hydrated, and occur in the upper 
parts of lodes, Pyromorphite occurs only in the upper parts 
of galena lodes. lu 1813, it was found, in working the Bei- 
hilfe mine (Freiberg) close under the grass in masses of several 
hundredweight. This mineral has in every instance origi- 
nated from the alteration of galena. Wavellite and peganite, 
both hydrated phosphates of alumina, occur close to the sur- 
face in lodes in siliceous slate sandstone at Zbirow (Bohemia), 
Freiberg ; the former mineral alone at Giessen, Barnstaple, 
St Austle, and in Tipperary. They are not known to occur 
at any great depth. At Langenstriegis, near Freiberg, the 
lode was purposely followed downwards for some distance, 
and the phosphates soon disappeared; while, by working 
along the surface, wavellite was again found, together with 
a conglomerate of siliceous slate fragments cemented toge- 
ther with wavellite. Herder likewise found peganite in a soft 
state, shewing that these minerals were of very recent forma- 
tion, It is said that there was formerly a skin yard upon 
the spot. 

Turquoise or kalaite — consisting essentially of phosphate 
of alumina — occurs in the East, and in Silesia and Saxony 
only at the surface. Varizite likewise occiu-s in the same 
manner. Kraurite, hydrated phosphate of iron, has been found 
upon quartz and brown iron ore a few feet below the surface, 
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in the " Hoff anf mich" mine aX Gbritz and other pli 
Uranite has been found at the surface npon narrow granite 
dikes near Schneeberg ; and other minerals containing phos- 
phoric acid — as kakuxen, bcraunite, stilpnoeiderite, sorda- 
walite, and vivianite, he. — occur in the Bame manner. The 
same holds good with regard to the cupreous phosphates. 

Taking all these circumstances together, it is liardly poa- 
sible to form any other inference than that the minerals in 
question, or at least the phosphoric acid they contain, origi- 
nates from the surface, and in all probability from the decom- 
position of organic substances. 

It must not, at the same time, be foi^otten that apatite-4i 
the most frequent of the pliosphatic minerals — occurs as an 
original constituent of granite, syenite, nephelin rock, and 
in tin lodes and primitive limestone. This phosphate cannot 
be regarded as similar, in respect to its formation, to 
above -mentioned minerals, and it is also singular that flit 
are not found in rocks containing apatite. 

It is possible that the chlorine of horn-silver has been 
rived from the surfaces, for this mineral is found only in 
upper parts of lodes. 
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The alterations in mineral veins, although on a small* 
scale than in the rocks, are much more frequent and remai^- 
ahle. It is not from the rarer pseudomorpha th.at these alte- 
rations must be inferred; whole generations of lodesubstanees 
have disappeared. Lodes containing heavy spar, fluorspar, 
and calcspar, have been entirely destroyed ; and their former 
existence is indicated only by the pseudomorphic substances 
bearing their form. The chemical elements of some lodea 
have in part remained, but the sulphurets have been converted 
into oxides, hydrated oxides, or oxysalts, &c. There are even 
regenerated minerals. 

There is scarcely a single lode formation which does m 
present some products of alteration. 

It cannot be doubted that water has in many instanci 
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Btood for s, long time in lodes. Its decompoBition in contact 
with sulphurets. especially ii-on pyrites, gives riae to the 
formatioD of sulphuretted hydrogen, and hydrated or anhy- 
drous perosidea of iron. Entire lodes of iron pyrites have 
thus been converted into brown haematite. Copper pyrites, 
and its associates, gray copper, variegated pyrites, redruthite, 
&c., have been converted into red copper, copper pechei-tz, 
tile ore, and, when carbonic ncid had access, into malachite, 
copper laziu-e, &c. 

It is Dot improbable that metallic silver may have been 
produced from argentine, as well aa from polybasite, by the 
action of hot aqueous vapours. 

Fragments of spathose iron in the refuse heaps of mines 
are often fouud to have become quite brown, and entirely 
converted into liydratcd peroxide. The same change is shewn 
to take place in lodes by the pseudomorphous peroxide in 
phomboLed ron s . 

Partial ahatractioa of metal may frequently give rise to 
the formation of higher Bulphurets. Some of the lodes at 
Freiberg not unfreqnently bear pseudomorphous hepatic, 
pyrites, iron pyrites, and raispickel, in the form of magnetic 
pyrites, which is itself very rare in the same lodes. Analo- 
gous lodes, however, at Drehbach, contain large masses of 
magnetic pyrites, associated, aa at other places, with galena 
and ealcite. Perfect crystals of magnetic pyrites, presenting 
exactly the same characters as the pseudomorphs at Frei- 
berg, occur in lodes of the same formation in Stranitza (Tran- 
sylvania). When it is remembered that in some places con- 
siderable quantities of magnetic pyrites occur in lodes, it is 
not at all improbable that the greater part of the iron pyrites 
in the Freiberg lodes was formerly magnetic pyrites. More- 
over, iron pyrites, when associated with magnetic pyrites, is 
always the more recent, and this view is likewise in accord- 
ance with the fact that iron pyrites occurs upon copper pyrites- 
Exhalations of sulphuretted hydrogen have undoubtedly 
caused a regeneration of altered minerals. The filamentous 
silver is found reconverted into sulphuret of silver, and con- 
taining a nucleus of this metal. Pyromorphite formed from 
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galena ia found covered with a cmst of g^ena, is smaU to- 
dividiials, bucIi as are never found elsewhere, and more fre- 
quently entirely converted into galena, while its form isrc- 
tFained (Blaubleiertz). 

The entire removal of the minerals, such a3 is observed al 
Gopersgrun is certainly one of the most remarkable pheno 
mena known. Steatite occurs here in the form of quartz 
fluorspar, a carbonate, and a nodular mineral, perhaps kalk< 
Hcliworapath, which formerly constituted the lode, Everj 
trace of silica, carbonate, &c., has disappeared, and silicate 
of magnesia is found in their place. The silica of the qnarti 
and the magnesia of the carbonate cannot have contributed 
much to the immense masses of steatite. This change iuu 
most probably been very gradual, and may have been caused 
by springs containing silica and magnesia. 

There are certainly changes observable in lodes whict 
cannot be explained on known chemical principles. Tim« 
appears almost without question to have exercised a mosl 
important influence tn their production ; and there can be QC 
doubt that chemical processes are continually going on it 
the mineral masses which constitute our globe, so gradual 
in their action as to be imperceptible, and perhaps even un- 
suspected by the chemist, but whose results are, in point o: 
magnitude, out of all comparison -with such as he is able U 
observe and set in action in his laboratory. 
(To be continued in our next.) 



Anniversary Address to the Ethnological Society of London 
By Sir BllNJAMIN C. Bkodib, Bart. 

Mankind, scattered as they are over the entire surface o 
the globe ; located among the pei-petual snows of the Arctii 
regions, and in the perpetual summer of the Equator; oi 
mountains and in forests ; in fertile valleys and in deserts 
in lands of rain and tempests ; and in those which are nevei 
or rarely blessed by descending showers — are presented b 
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nB under a vast variety of aspects, differing from each other, 
not only as to their external form, but alao aa to their moral 
qualities and intellectual capacities. The first question which 
presents itself to him who is entering on that extensive field 
of observation which Ethnology affords is. Do these beings, 
apparently so different from each other, really belong to one 
and the same family ? are they descended from one common 
stock ? or are they to be considered aa different genera and 
species, descended from different stocks, and the result of 
diatinct and separate creations? Those to whose opinions 
on the subject we may refer with the greatest confidence — 
among whom I may more especially mention our own coun- 
trymen, Mr Lawrence, Dr Prichard, and Dr I.atham — have 
come to the conclusion that the different human races are but 
Tarieties of a single species ; and without entering into all 
the arguments which have been adduced by these philosophers, 
I may observe that there are many facts which seem, as it 
were, to lie on the surface, and which are obvious to us all, 
that may lead us to believe that this conclusion ia well founded. 

Although we justly regard the intellectual faculties as of ft 
higher order than those which belong to mere animal life ; 
although it is as to these alone that mankind "propnia acce- 
dunt ad Deos ;" yet it must be admitted that up to a certain 
point, and within its own domain, instinct is a more unerring 
guide than human reason. And what is but instinct which 
leads us at once to recognise the Esquimaux, the Negro, the 
Hottentot, as belonging to tlie same order of beings with 
ourselves, with as little hesitation as the greyhound, the 
spaniel, the mastiff, mutually recognise each other as being 
of the same kindred ? 

Then be it observed, that, however different may be the 
external figure, the shape of the head and limbs, there is no 
real difference as to the more important parts of the system, 
namely, the brain, the organs of sense, (he thoracic and ab- 
dominal viscera ; and the medical student is aware that he 
obtains all the knowledge which he requires just aa well from 
the dissection of the Negro or the Lascar aa from that of the 
Anglo-Saxon or the Celt. Even as to the skeleton, the dif- 
ference is more apparent than real : there is the same num- 

vol.. hV. NO. ex.— OCTOBER 1853. Z 
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riler, torm, and lUT&ngemeDt of the Ixines ; and I may add, 
tiitre is t!ie same number, form, and arrangement of ike 
muBclcH. 

Pursuing the inquiry further Btill, we find that the (Ef- 
ferent eexea are mutually attracted to each other; that their 
union iti prolific ; that the period of gestation in the female 
is the same in all ; and that— unlike what happens as to hj<- 
brid animals — instead of stopping short after one or tw« 
generationH, their offspring continues to be prolific ever after- 
wardu. 

Nor is there any thing difiicult to understand, nor con- 
trary to the analogy of what happens among other ammals, 
in the production of the different varieties of mankind. The 
Hottentot and the Anglo-Saxon have a closer resemblance 
to each other than the mastiff* and the spaniel. How dif- 
ferent is the Leicestershire from the Southdown breed of 
sheep ; and the English dray-horse from the thorough-bred 
Arabian I We see these changes actually going on, nay, y* 
actually produce tlieni artificially among our domesticated 
animals ; and we see tbem taking place, to a certain extent, 
even in our own opecies. The Negroes, taken from on board 
the captured slave ships and transported to Jamaica, have* 
different aspect from those who have been for some generara 
tions domesticated in the service of the planters- The de-' 
scendants of the Anglo-Saxon race transplanted, within the 
last two centuries, to other regions of the globe, are already 
beginning to be distinguishable from those who remain in the 
parent country by their external appearance, and, even to a 
greater extent, by their characters and habits. It was ob- 
served to me by a gentleman who has served his country in 
important official situations in Europe and on the otlier aide 
of the Atlantic ocean, that if, in going from England to Italy, 
he was struck with the comparative paHsiveness of the 
Italians, on returning to England fi-om America he found 
something still more remarkable in the passiveness of tiie 
English compared with the excitement and activity obsenr* 
able among the citizens of the United States. If in the pre- 
sent condition of the world, when there is so free an tnter- 
Courseamongit3inhaliitauts,andsocoDStantaii internii 
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of races, aucli changes are to a certain extent going on, it is 
eaey to conceive that changes still more remarkable might 
have taken place when human society was in its infancy; 
when nations were separated by impassable seas and moun- 
tains ; when there was nothing to interfere with the influence 
of climate, food, and mode of life on the physical and moral 
character ; and when repeated intermarriages among indi- 
viduals of the same tribe were favourable to the transmission 
of accidental peculiarities of Btructure to succeeding genera- 
tions. 

There was aperiod when a jealousy prevailed of studies such 
aB those of the Geologist and Ethnologist, from a supposition 
■that they in some degree tended to contradict the revelations 
of the earliest of our sacred volumes. The advancement of 
knowledge has shewn that such jealousy was without any 
just foundation ; and those who on such narrow grounds stand 
aloof from the pursuits of science are now reduced to a small 
and almost unnoticed minority. It is, however, satisfactory 
to find that the inquiries of the Ethnologist, bo far from being 
opposed to, actually offer a strong confirmation of, the Mosaic 
records as to the origin of mankind having been from one 
parent stock, and not from different creations. 

" The noblest study of mankind Is man." 

So says one of our greatest moralists and poets ; and if we 
estimate them according to the rule which is here laid down, 
it must be admitted that inquiries into the physical, intellec- 
tual, and moral character of the various human races ought 
to hold a high rank among the sciences which claim the at- 
tention of the philosopher. St-anding, as it were, midway be- 
tween the physical and the moral sciences. Ethnology is not 
less interesting to the Naturalist than to the Metaphysician ; 
and not less so to the Metaphysician than to the Philologist. 
To trace the influence of climate, of food, of government, and 
of a multitude of other c ire um stances on the corporeal sys- 
tem, on the intellect, the instincts, and the moral sentiments, 
is the business of the Ethnologist r nor is it less in his de- 
partment to trace the origin and the construction of language 
generally, and the relation of different languages to each 
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other. Infused into it. Ethnology gives « more phili 
cal character to history ; adding to the dry and often painful' 
detail of political events occurring in a particular country 
another serious of faets, which present to us the tvhole of tlM 
hninnn inhabitants of the globe as one large family, conarti* 
tuting one great system, advancing together towards the fidJ 
filmcnt of one great purpose of the Creatop, 

But in this utilitarian age there are, I doubt not, boib« 
who regard Ethnology as offering matter for curious specula- 
lation, but as being in no degree worthy of a place among 
those sciences which admit of a direct and practical applica- 
tion to the wants of society and the ordinary business of Hfe, 
It is, indeed, with some among us too much the custom to 
measure things by this low standard, and to forget that what- 
ever adds to our stores of knowledge, and gives as broadeP 
views of the universe, tends to the improvement of the intel- 
lect, the elevation of the moral sentiments, and thus leads (O 
a more complete development of those qualities by which the 
human species is justly proud of being distinguished from 
the inferior parts of the animal creation. The practical 
genius of the English is essentially dilferent from the 
genius of the ancient Greeks ; but no one can hesitate to 
believe that the philosophers, the poets, the architects, the 
sculptors, who form the glory of that wonderful people, are 
even now exercising a most beneficial influence on the cha- 
racter of mankind, after the lapse of more than 2000 years. 
Setting aside, however, these considerations, and admitting 
that it affords us no assistance in the construction of steam- 
engines or railways ; that it is of no direct use in agricultnre 
or manufactures ; still it maybe truly said, that, even accord- 
ing to his own estimate of things, the most thorough utili- 
tarian who looks beyond the present moment will find that 
there is no science more worthy of cultivation than Ethno- 
logy. Is there any thing more important than the duties of 
a statesman t and can there be any more mischievous error 
than that of applying to one vaiiety of the human species a 
mode of government which is fitted only for another? Yet 
how often, and even in our own times, from a want of the 
necessary knowledge and foresight on the part of those to 
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WM»n the affairs of nations are entrusted, haa this error 
been committed- Even within the narrow limits of our own 
island, there are two races having each of them their pecu- 
liar character. But the British empire extends over the whole 
globe. It comes in contact with the descendants of the 
French in (Janada ; with the Red Indiana of America ; with 
the Negroes of Sierra Leone and Jamaica; with the Caffrea 
and Hottentots of South Africa ; with the manly, warlike, and 
intelligent inhabitants of New Zealand; with the rude Abo- 
Ttgines of Australia ; with the Malaya, the Hindoos, the 
SIusBulmans, the Parsees, the Chinese in the Eaat — races 
differing widely from ourselves, and not leas widely from each 
other. Surely much advantage would arise, and many mia- 
talcca might be avoided, if those who have the superinten- 
denee and direction of the numerous colonies and depen- 
dencies of the British crown would condescend to qualify 
themselves for the task which they have undei-taken by study- 
ing the peculiarities of these various races, and by aeeking 
that information on theae subjects which Ethnology affords. 
This Society ia yet in its infancy. But those who have 
attended its meetings will bear testimony to the value of the 
written communications which have been made to it during 
the present Session, and of the discussions to which these 
communications have led. Seeing how much has been al- 
ready Hiccomplished, and the zeal which exists among its 
members, I am, I conceive, not too sanguine in my especta- 
tiona, when I anticipate that the Ethnological Society will 
from year to year advance in reputation and usefulness ; and 
that the time is not far off when its labours, and the objects 
which it has in view, being justly appreciated by the public, 
it will be ranked among the moat important Scientiiic Insti- 
tutions of the age. 



SCIENTIFIC INTELLIGENCE. 



UISEEALOGY. 

1. Native Metallic Iron. — Dr Andrews, in an examination ii 
the minute structure of hasalt, has found evidence of the esisteuoe ol 
iron in a native state. After pulverizing the rock, and sepoirat 
with a magnet the grains that were attracted by it, he subjec 
these grains, which were mostly magnetic iron, to the actaoD of ai 
acid solution of sulphate of copper in the field of & microscope. 

This salt produces no change with the oxide, but if a trsce e 
pnre iron be present, copper is deposited. In his trials there word 
occasional deposits of copper in crystalline bunches ; the largeatoE 
which obtained was little more than oue-fifticth of an inch in diame- 
ter. He observes that with 100 grains of the rock, three or four de- 
posits ofcoppeccan usually be obtained. The basalt of the GiaDlf« 
Causeway affords this evidence of the presence of native iron, but 
less so than the Slievemish basalt. 

The same result would be produced, if the nickel or cobalt were 
present in fine grains ; but Dr Andrews considers this very impro- 
bable. The same basalt afforded, on microscopic examination, 
augite, magnetic iron, pyrites, and a colourless glassymineral. — -J 
{Amtriean Journal of Scienoe and Arts, vol. xv., No, 45, 2dJ 
Series, p. 443.) 

2. On Glaubfrite from South Peru.- by M. Ulex. (Zeonll 
kard u. Bronn''e iV. Jahrb. f. Min. u.s.w., 1851, p. 204 ; ai "" 
Woehl. u. Lieb. Ann., vol, Ixx., p, 51 e( seq.') — The BrongniartinB 
or Glaubcrite occurs in crystals imbedded in nodular massea of ^ 
substance called " Tizza," which the author recognised as a b 
racic compound. According to Frankenheim the crystals, attain-l^ 
ing a size from 1 to 1 J- inch (German), differ from those of Brong- ' 
niartin previously known in their angles, but slightly however ; 
the form also somewhat differs. Sometimes the crystals appear 
perfect and transparent, sometimes white and laminated, the fis- 
sures being occupied by the above-mentioned substance, 
grav. = 2 64 ; hardness = 2-5 — 30. Its behaviour in the alenihi^ 
and before the blow-pipe, is like that of the Spanish Brongniartiii^ 
An analysis gave — 

Lime 19 6 

Soda 21-9 

Sulphuric acid, .... 55'0 

BoTscic acid, .... S'S 

Formula : N A S + S' + Ca S. 

The presence of borax is no doubt due to the admixturi^ 
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mineral substance in which the crystals are imlwdded. — (Qi 
Jit«rnal of the Geol. Society, vol. is., No. 35, p. 24.) 

3. On Ike Stntftare of Agate ,• hy Theodore Siitnbel, (Leon- 
hard «. Bronx's N. Jahrb. f. Min., u.s.w., 1853, pp. 152-157.) 
— The curious and heautifiil appearances afforded by agates have 
long made them of primary importance in mineral og;ical eahinets ; 
bfltuntilof late years particular attention does not seem tohsTsbeen 
pftid to the internal structure of these bodies. Dr J. Zimmermaii 
is the tiTst, of my knowledge, who*bbaerved* that the ditfiii-ent t»- 
rietiea of quartz — as amethyst, cnlcedony, camelian, jasper — formed 
the concentric layers of the nodules, which were either liollow or 
occupied with crystals. f 

In the Jahrbuch of the Imperial Geological Institute of Vienna 
for 1851,* ia a very interesting memoir on the interior structure of 
agates by Prof. Dr Franz Leydolt, where he states that, on being 
submitted to the action of fluoric acid, the amorphous poitious are 
dissolyed before the crystalline layers or bands ; and the agate 
■urface being thus prepared, it is made use of in printing an exact 
6opy of itself. Tlie six beautiful plates accompanying tlie memoir 
perfectly exemplify Prof. Leydolt's views, and shew, — first, that 
the parts towards the outer surface consist of several spherules 
Tariously combined, which are composed of layers of diverse cho^ 
raoter; secondly, that towards the centre of the nodule is a large 
mass of amethystiBe-quartii,the nucleus of the latter again being 
filmed of very small conoentric spherules. 

In the JnArft'/M/iic Prakttse-he Phat-maaie, Sc. 1852, is ashort 
paper of mine on the rotatory motion of matter in the amorphous 
condition, in which I havo shewn, that in a sphere of blown glass 
the material is not homogeneous, hut consists of lamellm overlying 
one another at varying angles and confusedly distorted. As in 
the thin pellicle of blown glass the intimate structure of the soap 
bubble is as it were fixed, so I sought to mate further researches by 
means of experiment on molecular movement, such as can be ob- 
served in so many instances. One of the most successful esperi- 
ments was the use of melted stearine with which very fine graphite 
had been mixed, spanglea of which easily indicated the intimate 
motion of the mass. By this cosy experiment it appears that in 
some parts there was a strong tendency to the formation of spheres, 
and which existed even in the interior of the larger spheres, giving 
rise to smaller spherules. — (Quarterli/ Journal of t/ie Geolot/ieal 
Soeiety, vol. ix., No. 35, p. 259.) - 

4. Sderetinite, a new Fossil Resin from the eoal meaam-ea of 
Wigan, Engltpnd ; by J. W, Mallet. — Occurs in small drops or tears 
fium the size of a pea to that of a hazel nut. Brittle, with the 

* In his Turhenbuoli fur Minprnloeic. 
t Bee RiflO Mr Hamilton s Pnpar 
Joum. GboI. 8dc., toI. it., p. 215.- 
t Vol.il. Ho. 2. y. 12*. 
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fracture cone lioidaL Tranaluccm in thiu splinters. Colour bliick. but 
by tranamitte<l light reddish-brown ; streak cinn am on-brown, lostrs 
between vitreous andrcsinous.ratlier brilliant — G. = 1-136, H.=3. 
Heated on plaUnum foil it Bwells up, bums like pitch, -with s 
disogrecalilc cnipjreuinatic smell, and a smok; flame, leaving a ooal 
rather dillicult to barn, and finally a little gray asli. In a glass 
tube, yields a yellowish- brown oily product of a nauseous eiDpyi«u- 
Dintic odour. Insoluble in water, alcohol, ether, caustic, and i 
bonated alkalies or dilute acida^ and even strong nitric acid ; 
alowly. Conipoeition — 

Carbon. Ufdrogen. OiTffen. A*h. 

1. 76-74 8-86 1672 3-68 

2. 77-18 9-05 10-12 3-68 
Affording the ratio CIO H 7 = carbon 77'05, hydrogen 8' 
osygen 10-28, ash 3-68, Taking the number of atoms of car- 
bon at 40, which exist in so many resins, the formula becomes 
C 40 n 28 O 4. It is nearest in composition to amber, which con- 
tains C 40 H 32 4. — I^Amtrican Journal of Science and ArU, 
Tol. XV., p. 433.) 

5. On Pstudomorpkout Crystals of Chloride of Sodi 
G. Wareing Omerod, M.A., F.G.S. — In a paper read before tl 
Society, on lat December 1852, by Mr Strickland, on pseuilomi 
phous crystals of chloride of sodium in Keuper Sandstone," no re- 
ference is made to prior observations on the same point. In my 
paper " On tlie Principal Geological Features of the Salt-field of 
Cheshire, "f it is stated that " the Watarstone beds (a subdivision 
of the Keuper) at Holmes Chapel have the same peculiar crystal 
aa those at Lymm, Preston on the Hill, and elsewhere ; " and in a 
note it is added, " At this place the crystals are of silicftte of prot- 
oxide of iron. This seeming crystal is probably caused by the 
component matter taking the places of scattered crystals of chloride 
of sodium, the form of which, both in Cheshire and at Slime Road 
in Gloucestershire, they have taken, exhibiting, if bo, the lowest- 
traces of the salt." To Mr Grace Calvert (Honorary Professor <*■" 
Chemistry at the Koyal Manchester Institution) I was indebted for" 
the examination of this specimen ; and to him any credit for tho-' 
discovery, as far as relates to Cheshire, is due, he having, on myr 
shewing him the specimens, stated his opinion that the crystah 
were Fseudomorphic Chloride of Sodium. I had omitted to aaki 
Ms permission to allow me to mention his name when my paper 
was read, and it was therefore not then givun. This paper waa 
read before the Geological Society 8th March 1 848, when specimens 
were exhibited and a discussion took place, when Professor Buck-, 
land mentionwl many localities in which he had observed \ka.i 
pseudomorph, for which he had not hitherto been able to occoudI 
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In Jnly 1850 the GoTernment Keporta of the Jfatural History 
of the State of New York were sent over as a donation to the Free 
Library and Museum of the borough of Salfowl ; and shortly after- 
wards, on examining the geological division of that work, I fonnd 
that the same peeuliar crystal had been observed in the district 
lying to the south of Lake Ontario. In Part III., pages 102 and 
103, Mr Lardner Vanuxem notices them thus ; — " Ilopper-shaped 
cavities, Onondaga Salt Group. These forms and cavities are of 
great importance, for they were produced by common salt, no other 
oommon soluble mineral presenting similar ones. Thcyare fonnd 
in the gypseous shale or marl in its more solid and slaty parts." 
A drawing is given of specimens (from Bull's Qnarry, town of 
Lenox, Madison county) in which the pscudomorpha resemble 
those found in Cheshire and Gloucestershire which have come- 
under my notice. 

In Part IV., page 127, Mr Jamea Hall mentions that similar 
crystals were ibnnd in Wayne and Monroe counties, but that he 
had rarely observed them in Genesaee or Erie counties, the most 
perfect which he had seen being at Garbutt's Mill on Allen's Creek. 
Part III. was published in 1842, and Part IV, in 1843. 

In making those observations, I mast not be understood as in 
any way attempting to take from Mr Strickland the credit of a dis- 
covery; before he directed special notice to it, the matter was only 
incidentally mentioned, and he was doubtless quite as much un- 
aware that it had been noticed before, as Professor Calvert or my- 
self were. My object has been to direct attention to this matter aa 
shewing the great extent of country in which this singular crystal 
is found. The observations of Mr Strickland and myself shew 
that it is found in the K.euper sandstone through a considerable 
portion of Gloucestershire, and I have noticed its frequent occur- 
rence in Cheshire ; Professor Phillips has found it in Worcester- 
shire, and Dr Percy in Nottinghamshire. The observations of 
Messrs Yanuxem and Hall shew the existence of a similar psendo- 
morph in North America, in the district to the south of Lake On- 
tario, extending from Erie county through Genessee, Monroe, and 
Wayne to Madison county. There, however, these crystals are 
found in the Onondaga salt group, belonging to the upper Silurian 
division. 

fl. Note on the occurrence of similar Crystals; by W. W. 
Smyth, Esq., F.G.S. — The presence of pseudomorphous crystals, 
similar to the above mentioned, in several divisions of the trias, has 
long attracted notice on the Continent, and has been detected at 
very numerous points scattered over a large proportion of Northern 
Germany. In Leonliard and Bronu'a Journal for 1847, Gutber- 
let has devoted an elaborate paper to the description and geo- 
logical discussion of those more particularly which occur in beds 
of variegated maris between the Bunter sandstein and the Mus- 
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cdctkalk. ThtT have also been drscribed by Dr Dunlter na occnr- I 
ring in the Wealden of Germauy ; hy Brnun, in the marl-sUte rf ] 
the Zech^tcin near Frankenberg ; and b; others, in the tertiarie* 
of Atutria and of the south of France. 

In all these different localities the " hoppeMihaped " crystKhl 
(or cubes with hopper-shaped impressions) are the most fi-equent, 
and are the s&me forms of salt which are produced by gradnid 
evaporation, ■whether in salt-pans or on a sea-shore. The materiaU 
of which these pseudomorphs are constituted vary with the com* 
position of the adjacent rocks, and are, in different localities, marly 
limestone, dolomitic marl, gyjisum, quariz (more or leas pure), 
sandstones of raany kinds, mica, and l)rown spar, the last tiTff 
often disposed only ronnd the edjrea. In the first-mentioned p _ 
and in some by Hausmann and Kiiggerath on the same sabjec 
will be foun<l much valuable and suggestive matter coimec 
with iKith the chemical and geological aspect of the subject.— 
(Qiiarteiiy Journal of llu Gedo-iical Society, vol. is., No. j~ 

7. On Miitlockite ; hy C. Eammelsberg, (Leonhard u. Sroni^B 
N. Jahrb. f. Jfin. «.».«.., 1853, p. 173; Poggend. Aw 
Imxv,, p, 141 et teq.") — The new mineral, Matlockite, 
similar in eit«mal appearance to Corneous lead (murio-caM 
bonate of lead, Blei-homerz), and, together with the latter, it 1 
been found associated with earthy galena, at the i 
Cromford mine, near Matlock. Both are very rare. 

Compact fragments of the Murio-cnrbonate are tronsparenvl 
colourless or yellowish, lustrous, and pretty generally cleavable in 
three directions at right angles to each other. Brooke* and Krog 
von NiddaJ describe the crystals of this mineral. Bammelsbcrg 
found its specific gravity to be 6305, In powder it w ' 
degree decomposed even by cold water, chlorite of lead being seti 
free. Its analysis is given beloi 

In Matlockite a single but very perfect plane of cleavage IiBJ 
been oI)served. Tliis mineral has been recognized as a basal chli»J 



ride of lead. The specific quantity 


of 


tie powder is 5-3947. I 


analysis is — 






Matlockile. 




Blei-homan. 


Chlorine . . 14-12 1. 
Lead . . . 41-50 )°'"'^ 




Carbonic acid . 7-99 




Oxide of lead . 40-48 


Lead . . . «-Sl)l,,.3» 
Oijgen . . 2-88]"^' 




Chlorine . . 12-97 




Load . . . 87-93 



100-00 

— {Quarterly Journal of the Geolo^cal Society, vol. ii,, No, SSL 
p. 24.) 

„, ,. • Poggendotfi 
t ZsltBchrift. d 
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8. On the Structural Characters of Rocks ; by Dr Fleming. — 
While the conditioii of tbe mineral masses in the neighbotirhood 
of Edinburgh furnisli interesting illustrations of the structural cha- 
racters of rocks, such as the columnar, the concretionary, and the 
fragmentary, &c., the author proposed to ^online his remarks at 
present to what he denominated the Flawed Stbuctuee. 

In the ordinary language of quarriers, thejiuius are termed backg, 
while they ore known to masons as dries, and to geologists, when 
i^elerred to, as slicken-sides. This last terra, independent of its 
provincial character, refers to one peculiar form of the llaw only, 
and, although explicalile according to the same views entertained 
respecting the origin of the others, is far from being a typical ibrm. 
The Jlaw of the lapidary, in reference to crystai.9 or gems, comes 
sofficiently near in character to juatity its adoption. 

The Flaw is a crack which is contined to the stratum or bed in 
which it occurs, and is thus distinguished from fault or dislocation, 
since these extend through several beds. It occupies all positions 
in the bed, without an approach to parallelism, the flaws being 
variously inclined to one aDother, and not extending continuously 
throughout the thickness of the bed ; thus diH'ering from the colum- 
nar structure. 

These flaws are sometimes isolated ; io other cases two unite At 
angles more or less acute, and the Junction edges are either sharp 
or rounded. The surface of the sides of the flaw is frequently 
crumpled or waved, and in the granular] y -constituted l>eds, such 
as granite, porphyry, or sandstone, is rough, while in slate-clay, 
bituminous shale, and steatite, it often exhibits a specular polish. 

The circumstance of the flaws exhihiting no approach to paral- 
lelism, joined to the fact that they are not prolonged into the in- 
ferior or superior beds, nay, frequently not extending throughout 
the bed containing them, furnish a demonstration that they were 
not produced by an external force. The notion, too, is untenable, 
that the polishing was produced by the faces of the flaw sliding 
backwards and forwards on one another, because their limited ex- 
tent, mode of junction, and waved surfaces clearly indicate the ab- 
aencc of any such alternate shifting. 

The author then stated his opinion that the flaws had l«en pro- 
duced hy shrinkage, owing to the escape of volatile matter, aided 
by molecular aggregation, and that the polished surfaces were pro- 
duced in comparatively soft plastic matter, like bituminous shale, 
by the presence of water or gas in the cavity, so that the specular 
character was the eastinp or impression of a liquid surihce. The 
empty vesicles of amygdaloid are occasioTially found glossy on the 
walla, or exhibiting an apparently vitrifi.'d film, while the rot'k it- 
self is dull and earthy in fracture. The smoothness in this in- 
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stance is probably produced as the casting or imppess of inclnded 
Tapour or goB. Sometimes the tiavr« in coarse materials, such ftB 
porphjT-y, have a specular aspect, owing lo a film of anhydroua 
peroxide of iron. Illustrative examples were exhibited, and refep- 
ences made to rarious localities around Edinburgh, where the 
whole phetiomena tit flawed structure were well displayed. "" 

In proceeding to consider still fiirther the physiology of rocl 
Dr Fleming proposed in the second part of his communication 
confine himself to the illustration of — 

1«(, The Colmnnar Stnietare. — After ennmerating examples of 
this structure, as occurring in the neighbourhood of Edinburgh, 
in candle eoa!, sandstone, clay, ironstone, clinkstone, claystone, 
greenstone, and basalt, he exhibited esaoiples of similar appear- 
■nces in oven soles and fragments of the walls of vitrified forts. 
The ordinary explanation of this structure as the result of cooling 
from a state of fusion he pointed out as unsatisfactory, eren in' 
the case of basaltic pillars, and inapplicable to similar appear- 
ances as occurring in sedimentary rocks. He considered the 
whole phenomena explicable as connected with one cause, vi». 
shrinkage, arising from the escape of aqueous or volatile 
ter. 

2d, The Cone in Cone Str>teture. — Examples of this stUK 
occur in impure ferruginous limestone at Joppa, the Water 
Leith, and other places, in connection with the coal measured^ 
Dr Fleming referred the origin of this structure to shrinkage, con- 
joined with a certain amount of molecular aggregation or crystal- 
lizing infiuence. — {Proceodinga of the Royal Society, EdinhuTgh,.') 

9. Ahnaden Mine, Ccdifornia. — The process of extracting the 
metal from the ore is very simple. The ore is placed in the fur- 
naces, where a gentle and regular heat is applied. As it diffusea 
itself through the ore, the quicksilver contained in it sublimes, and 
is afterwards condensed, and falls by its own weight, trickles down 
and out at little pipes leading from the bottom of the cham- 
bers of the furnace, and empties into vessels so situated as to re- 
ceive it. From these pipes wc saw the quicksilver falling more or 
leas rapidly in large drops. In one vessel there must have been 
from 15 to 20 gallons of quicksilver. About 1000 flasks per 
month are manufactured, each flask containing 75 pounds, making 
75,000 pounds per month. The flasks are all of wrought Iron, 
The time occupied in filling the furnace, and estraeting all the 
metal from a furnace full of ore, is about one week. When this 
is accomplished, the furnace is opened that the mass of roek may 
ho removed to make way for another batch of ore, — {AiKaricqj^ 
Journal of Science and ArU, vol. xvi.. No. 46, 2d Series, p. I^'J^* 
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METEOROLOGY. 

10. jS.n Aecowit of Meteorological Observations in/our Balloon 
Afoentg made under the direction of the Kevi Obeepvatory Comnattte 
of the Britith Association ; by John Welah, Esq. CommuDi- 
cated by ColoneT Sabine, E,.A., Treas. V.P.R.S., President of the 
British Association, on part of the Council of the Association. 
— The object contemplated by the Kew Committee in the balloon 
ascents, of which an account ia given in this commuiiication, waa 
chiefly the investigation of the variations of temperature and 
humidity due to elevation above the earth's surface. Specimens 
ofthe air at different heights were also obtained for analysis. 

The instruments employed were the barometer, dry and wet 
bnlb hygrometer, and Begnault'a condensing liygromoter. 

The barometer was a siphon, on Gay-Lussac'a construction, with- 
out verniers ; the upper branch of the siphon being alone observed, 
corrections having been previously determined for inequality of the 
ti^ at different heights of the mercury. 

Two pairs of dry and wet thermometers were used, one pair hav- 
ing their bulbs protected &om radiation by double conical shades 
open at top and bottom for the circulation of the air, the surfaces 
being of polished silver. The second pair were so arranged, that 
by means of an " aspirator," a current of air was made to pass 
over the bulbs more rapid than they would be exposed to by the 
mere vertical motion of the balloon. The object of this arrange- 
jnent was to enable the thermometers to assume with more rapidity 
the temperature of the surrounding air, and also to diminish the 
effect of radiation, in case the shades should not be a suihcient 
protection, especially when the balloon was stationary or ris- 
ing very slowly, The thermometers used were very delicate, 
the bulbs being cylinders about half an inch long and not more 
than I'ath of an inch dinmetert It was found on trial that when 
the biJbs were heated 20° above blie temperature of the air in a 
room, they resumed their original reading in 40 or 45 seconds, 
when moved through the air at the rate of 5 or 6 feet in a second. 
It is thus probable that any error arising from want of sensibility 
in the thermometers will be small, and in. all likelihood not moi« 
than may be expected from other accidental causes. 

The observations were taken at short intervals during the asaent, 
it having been seldom practicable to obtain a regular aeries in tha 
descent. The intervals were generally one minute, but frequently 
only 30 seconds, so that an observation was for the most part re- 
corded every 200 or 300 feet. All the observations are given in 
detail in the tables accompanying the paper. They are also given 
in the graphical form in the curves. 

The ascents took place on August 17, August 26, October 21, 
and November 10, 18S2, from Uie Vaushall Gardens, with Mr 
C- Green's large balloon. 
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The principal results of the observations niAj be brieflj atal 
as followg : — 

Each of the four series of oLservations ahena, that the pro|^ 
of the temperature is not r^ular at all heiglits, but that at a 
tain height (varying on different i.lays) the regular dioiinution 
comes arrested, an'l for the space of about 2000 fi^et the tempt 
tore remains constant or cyen increases by a small anioiuit: 
afterwards resumes its downward course, continuing for the mi 
part to diminish regularly throughout the remainder of tJie heigfal 
obserred. There is thus, in the curves representing the proj 
sion of temperature with height, an appearance of disloca 
always in the same directioa, but varying in amomit from 7° to 12°, 

In the first two series, viz. Aug. 17 and 26, this pectiliar inte39> 
ruption of the progress of temperature is strikingly coincident with 
a lar^e and ropi'l fail in the temperature of the dmv-pMnt. The 
same is exhibited in a leas marked manner on Nov. 10. On Oct. 
21 a dense cloud existed at a height of about 3000 feet ; the tem- 
perature decreased uniformly from the earth up to the lower sui^ 
face of the cloud, when a slight rise commenced, the rise continn- 
ing through the cloud, and to about 600 feet above its upper 
face, when the regular descen'ling progression was resumed, 
a short distance above the cloud the dew-point fell considerably 
but the rate of diminution of temperature does not appear to ha^ 
been atfected in this instance in the same manner as in the oii 
series ; the phenomenon so strikingly shewn in the other till 
cases being perhaps modified by the existence of moisture in' 
coitdensed or vesicular form. 

It would appear on the whole that about tbe principal plane 
condensation heat is developed in the atmosphere, which has ti 
effect of raising the temperature of the higher air above what ij 
would have been had the rate of decrease continued uniformly fi-oi 
the earth upwards. 

There are several instances of a second or even a third sudden 
fall inthcdew-point,but any correspond ing variation in tlie tempera^ 
ture is not so clearly exhibited, probably owing to the toUil amoiiat 
of moisture in the air being, at low temperatures, so very small „ 
that even a considerable change in its reltitive amount would prt>- ^^J 
duce but a small thermal effect. ^^| 

As the existence of the disturbance in the regular progression i^^^H 
temperature now stated rendered it necceasary, in order to aniv9^^| 
at any approximate value of the normal rate of diminution with ] 

height, to make abstraction of the portion affected by the disturbing 
cause, each series was divided into two sections, the first comprisit^ 
the space below the stratum in which the irregularity existed, and 
the second commencing from the point where the regular diminil- 
tion of temperature was resumed. It was then found that the 
rate of diminution was nearly uniform within each section, but that 
it wai !i .mowhat greater in the lower than in the upper sections. " 
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On taking a mean of both sections for eact series, giving each 
section a value corresponding to its extent, it is found that the 
number of feet of height corresponding to afall of one degree Fahr- 
enheit is — 

On August 17 292-Ofeet. 

August 26 290-7 „ 

October 21 291-4 „ 

November 10 312-0 „ 

The first three valuBs being remarkalilj coincident, and the last 
differing from them by about y'jth of the whole. 

The air collected in the ascents was analysed by Dr Miller ; he 
states that " the specimens of air do not differ in any important 
Amount from that at the earth at the same time, hut contain a trifle 
less oxygen. All of them contained a trace of carbonic acid, but 
the quantity was too small for accurate measurement upon the small 
amount of air collected." — (Proceedings of the Royal Society of 
Zondon.) 

11, Injlnence of Light upon thfi Colour of the Prawn, — A few 
hours' captivity changes all the colours of the prawn ; all the fine 
biuidB and stripes and spots become so pale as to be scarcely dia- 
tingiuBhablc from the general pellticid olive hue of the body, 

I cannot tell how this loss of colour is effected, but 1 have 
reason to think that light, the great agent in producing colour, in 
most cases is the cause. I took two specimens just dipped from 
a deep pool, and equal in richness of their contrasted colours : one 
of these I placed in a large glass vase of sea-water that stood on 
my study table j the other in a similar vase shut up in a dark 
closet. In twenty-four hours the one that had been exposed to 
the light had taken on the pale appearance just alluded to : the 
one that had been in darkness had scarcely lost any of the richness 
of its bands and stripes, though the general olive hue of the body 
had become darker and of a brown tint. This individual, how- 
ever, assumed the appearance of the former before it had been an 
hour emancipated from its dark closet. Without attempting to 
account for the phenomenon, I would just advert to the parallel 
exhibited by the sea-weed. The brilliant colours displayed by 
many of those exist, as is well known, in the greatest perfection, 
when the plants grow at considerable depths, or in the caves and 
holes of the rocks, where light can but dimly penetrate. 

Some of these will not grow at all in shallow water, or in a full 
lighi) and those that can bear such circumstances are commonly 
affected by them in a very marked degree — marked by the degene- 
racy of their form^, and by the loss of their brilliancy of colour. 
The prawn, as I have already hinted, delights in the obscurity of 
deep holes and rocky pools ; it is here alone that his fine zebra-like 
colours are developed. When taken in shallow pools, he is of the 
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very duslructivc altout the vitli^a of Saintcs, Tonnay-illiBreBte, 
and Kocliclnrt. Roofs and floors are often completely riddjodia 
these ^^IIaH:es l>y these animals ho feeble in apjioaraoce ; and ewen 
entire houses huve 1mh?ii bo destroyed in th«r foundatioas, that 
they luid to bo abandoned or rebuilt. The danger from tiuwe d» 
predatiotis is the greater, that they work altogether out of aigfa^ 
and respect with extreme cnre the surface of the Iradiea they Stf- 
tack. The archives of Itochcllc for oertnin years have be^i com- 
pletely devoured by the tonnites (e:ieepting the outer aoi&o^ 
which leaves no evidence of the destruction within), and of recent 
years they have been inclosed in zinc. At La Kochelle the ia'va- 
sion has even extended to tlie arsenal and the prefecture, and the 
whole village is threatened. 

51. de Quatrefages has made some experiments which eolve 
the problem of their destruction. He has shewn that the gases 
which are most energetic are chlorine and nitrons vapour, SO^ ; 
awlphuroua acid is less active, and oxide of nitrogen, NO,, acts 
only wlien it can be transformed into hyponitric acid, under the in- 
flnence of a little oxygen. The gases have been made to aot on 
figments of wood intested with the termites, and have so pene- 
trated into the deeper termitic cellules that none have escaped. 

As the application of gas in many cases must be inconvenieBl, 
it is recommended to prepare the wood before employing it in con- 
struction. The method hitherto employed for preservii^; woo^ 
have had reference rather to protectioD against decay than insects. 
There is an exception in the process of fiethell, which consista ib 
■aturating the wood with a bituminous oil rich in naphthaline, a 
BiBtoriat proceeding from the distillation of tlie bitumen of cool. 
Vhe cross timbers of the Stockton, and Darlington Ilailway, pre- 
pared in this way t«u years since, are still untouched ; and ibA 
same ia true of the timbers of part of the London and North" 
Western Railway, At the port of Lowestoft, the naphthaliae^ 
tiles are wholly exempt from the attacks of insects, whila wood 
unprepared is more or less deeply eaten. The disastrous resalla 
mentioned by M. de Quatrefages will not faU to call attention to 
this process, which has been sometimes olyected to on account of 
its making the wood more combustible.— -{jimeHcan •Tbumol ^ 
Science and Arts, vol. xvi., No. 46, p. 107, 2d Serieft.) 
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17. Experimental Researches on Vegetation ; by M. Grcorge 
Ville. Communicated by the Earl of Rosse, P.R.S. — After stat- 
ing that it has often been asked if air, and especially asote, 
contributes to the nutrition of plants ; and, as regards the latfM", 
that this question has always been answered negntively, the author 
marks, it is however known that plants do not draw all tlirfr 




Sciettti^'! intelliffgnci — Bvtany. i' 

nStuU' from the toii, tka nrops prailucod evtsty ytsat iu laaaitteU 
hind gm»g a goeater pn^ortion of azote tlisu is coiitiuiied ia the 
(toil itself. 'I'lie quiutioii Hhii:L hv has jiroposed lo 1iini«elf fur sO' 
lation in, wfaeiioe th»i comes tlie escesa of azut«. wki[j]i the crops 
Wiktxia, iind iu a wore gencrjil manner, tite tufote o£ [ilaiite, whiuh 
Ae soil lias not furuishcd ^ He dividos Ms tuquipy into the three 
tbllowiDg parts : — , 

First, luqoir* into and detin-minatiou of ttie pri>|iortitQ o&tlw 
amiDoniu contained iu t)iG air of th« almaspliere. r i.<| 

Second, Is the azota of the nir alworbed \>y plantK i 
Thii-d, Intlucnce on vegetation of animoaia added to the air. • 
lot, The author remarks that, since the ubserratioaofM. Theo- 
dore de Saussure, that the air is mixed with ammoniocal vapoura, 
three atlempts have been made to determine the proportiun of sni< 
monia in the air : a million of kilogrammes of the air, according to 
M. Griijer, contain 0-333 kil. A2H'; accorJing to Mr Kemp 88aO 
kil. ; according to M. Fr^aetiius, of tlie air of the day, 0-098 hil., 
and of night air, 0-169 kil. He states that he had shewn the 
oause of thtrae discrepancies, and proved that the quantity of a»- 
nionia contained in the air ia 22-417 grms. for a iniUion of hito- 
grnmmeeof theair; and that the quantity oscillates bolTseen 17'14 
gnna, and 2a-i3 grms. 

2d, The author states that though the azote of the air ia abaorhed 
b}' plants, the ammonia of the air contributes nothing to this ah- 
SorpUon. Not that ammonia is not an auxiliary ot' vogctation, 
bat the air contains scarcely 00000000224, and in tltis |wopor- 
lion its effects are inappreciable. These conclusions are founded 
lipon a great unmher of experiments in which the plants lived at 
the ejcpense of the air without deriving anything from tlie SOU. 
For the proBcnt he ctmfines himself to laying down these two con- 
dnsions : — 1- The azote ot' the air is absorbed by plants, by the 
cereals, as by all others, 2. The ammonia of the atmosphwe 
performs no appreciable part in the life of plants, when vegetation 
takes place in a limited atnioaphere, After describing ttie. ap- 
paratus by means of which he carried on his experiments on the 
vegetation of plants placed in a soil deprived of organic matter, 
and the manner in which the experiments were conducted, he ad- 
duces the results of these experiments in proof of the above con- 
elusions. 

Sd, Withreferenceto the influence of ammonia on vegetation, the 
author states, that if ammonia lie added to IJic air, vegetation be- 
comes remarkably active. In the proportion of 4 ten-thousandths 
Qte inBuence of tliia gas shews itself at the end of eight ov tun ^Aye, 
aad<&om this time it manifests itself with a continually increosiitg 
intensity. The leaves, which at first were of a palc-grcen, nasunie 
^a deeper and deeper tint, and for a time become almoot black ; .ttiar 
petals are long and upright, and their surface wiile and shining. In 
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■hort, vrlun regetiiUon h&s arrived M it« pr9por period the crap >*■ 
(imud iter beyond tbu of tb« aoine pltuit> ^jcrfm in pnni nir ; b^mI,! 
wnght for weight, tlio* rDnlnin twi» u moeh Bjvte. Be^Ui.-* ttt«Mfl 
gcnarul eHocUi th<.re ,im otiiftni wlticli a« moie Tariabk'. uhirli •!•- ) 
ncnii npon particular ooixlitioitit. but which are r-i-r-Hv 
interost In fact, lir mwint of tmnotuawe ens n 
TcgvtBlion, but, ftirlher, we can modify its eour-i 
of urtain functions, or enlarge the dtreippmetil .s 
tioii of uerlaiu org&ns. Tlie autlior further reniiir'-' i 
UK be ill-ilirected, it tnny conse accident*. Those nhtcb have o 
cnrrvd in the conrse of his experiments Kp^ettt to hin to tlmln 
U) nnnxpcrted li^ht ujion tbe mci;hani«m of ijw antntion of pintw 
They have at least tanglii him at the expanse of what can I 
monta may br<;i)me an nnsilinrj of *<^tnlion. Thu^n trj 
mcDlB, which were made und«r the sam'* pr.DilitionH as tboAo n 
the abaorptiou of axote. are Ibmt de&cribeil. aed their nomoriod r 
Bulla giren. 

To tlic conclusions already staled, the nttlhor ad<i» thot 1 
tati periods to he «eleated for the ei^lornwnt of nitRDoaia, dm 
which this gaa produc«a different eflfeeta. If we coMuuauos ita* 
when several months intervene hefore the lloivonn^ mmmou of 1 
plants, it (iroduccs ii'i disturbance ; they follow th« or-lin* 
of Ihoir vi-Eretation, If ita use be commenced at thetimeof llowetlij 
log, this function is sfajpped or delayed. The plant covers tt-^ 
self with leaves, and if the fioweriog takes places bH tin* 
barren. — (Froir.fidiiiija of the Jityal SoeUty tf L"~ '■-' 

UtgCELLAimors. 

18. OnExtinguithing Ftretbif S{<am.— Aft«r llic .... 
Amazon, Henry Clay, and M.Dujardin of Lille, recaUci* ibefaofc tX 
m 1837 it was proposed to employ steam Apr extinguishing fu'v«>| 
aa was aUo meutioucd by M. Fournuyrun soon afler the ilisaat«r (| 
the Amazon.. It may lie added that the proceed proposed by 3 
DiijiU'din lins been tried with full succeus during a Bre that ff 
in the gnlvaiio-piasdc workshops of MM. ChristofFe at Paris. 
fire had already made great progress, and threatened a comptet 
destruction of the huildiugs before aid could he had. At I* ' 
crisis, some one present suggested tbe idea of opeuiog thfl i 
of the boiler which feeds the engine, and immediately the at^ 
penetrated through the workshops, the Sre was sceo to duninuiL 
aud 8000 was reduced to ao ti-iiliug an extont, thut it wm e" 
mastered when aid arrived. 

This fact cannot have too great publicity ; and it U « , 
important that manufacturers, ca]>tains of vessels, and superior 
dentit of workshops, should be fumiliar wltli it. — (Amtrican Jotu 
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